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BEE DR TR A . it IR R R, AR Is AT AR R AR Y
AEEDL SR, S EOE T RARAGEEE R R A HAIRE A A
KR i 2™ R B R R RE . AT SRR LS 7. B0 S VR RE A IAVE B
FAREAT LS I A B (R DR AR, I A S i DXy AT el e el TR A i L
A B, REVERGMERZIRGEEMEL. THE, HTREVMAALESL
FRIRFIE Bt il 2 e P A I SRS W A 52 PR RE R I i A2 B8 70 PAVIE BELRRL G 8 25 18 g
MR . 8, RAEVRHAEERE 0.1-0.5 W/(mK), ARG RI6H A Gei 2 w &5 S
FAMERERER o AR R AV AN A R IR B IRORE (Rt SR, SUALER.
FASE) 7T ASGE 2 E M B S IAERE . AR GWEE SAPEHN T A0 i
H T B SRS, AR R 1A A LA I . R, R R
AR ) 2 A TR AR R R EMEE SRR EE . NI R AL
(h-BN) , W FHMRF G MR, R A R MBS IERE . SAERE. P LIERE
&, WANSRALGREVEESMRIERSR . ST, AR T — RANE &M
RHf#l# TiE DR 2 m AT R 1 h-BN/REMEEMEL W7 T h-BN/REVME S K
IS SIS FAPERE. JIATERESE, JRREX LA R REAT SVE BN AR . 5 B A
731 3 SRR AT RS h-BN/R SR SR S ML . AR S E W
AL

(1) AR ER L SEI h-BN () — BRI 58 BART7224% h-BN IIAZ EHZ )
Tris ZEMIRRHERES, BEIRLER (PDA) Bii#E 1 h-BN (h-BN@PDA) , #IE&
") h-BN 22K T 20 )2, PDA [NEEEZIN 3 wt%. FHF|E 1 h-BN@PDA i\ 42
RAKE (CNC) HAkrh, 2 g MiB3R43 h-BN 2 3K B H1E 51 ) 5155 1)
h-BN@PDA/CNC E &Kl 1&1fiff) h-BN 5 CNC [f] T2 /EHAS A ER, 24 h-BN
()& 5l 86 wt%h, FE ) h-BN@PDA/CNC E &M BHISRFT LLE il . 24 h-BN (& &
94 wt%ht, FIE K h-BN@PDA/CNC &AM EHAHG R 219 40 W/(m-K). ¥RIE K
h-BN@PDA/CNC & & P RHEHLS B T LED 4T (s, BE# h-BN ST &8N, REm
h-BN@PDA/CNC & & A B3N 50 R A R e

(2) BRAEREE IS FE 5 A AL B4 % h-BN/AIBMHE SRR (TPU) AW BikTriked
h-BN 5 TPU 7 N,N'- = F 5 LG iy i ek B, Bl J5 72 S BE P 3L 0TiE 1S 21 h-BN/TPU £
HEM A, HE A2 AR T3 3] h-BN/TPU 4. h-BN /£ TPU & & i+ 2 /K FHL
[ HEF HI 2108 24 h-BN (& &N 80 wt%lf, h-BN/TPU & & AL AL 212
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PE. 24 h-BN HI& 8N 95 wt%i, h-BN/TPU &SR NS HE LA 50.3 W/(m-K),
tball TPU B VS R IGIN T 264 £%, AN E 7 M RS HELH 6.9 W/(m-K). A

— ¥ h-BN 524 95 wt% ] TPU & & AN T LED X H#H, FaSIm AL At
TEA 4L TPU BEFEAS T 40 °C.

(3) BREBRE RS MR %A 451 h-BN/SEBS E& K. h-BN B & 7] LUK
Wiz, HAE SEBS &4 EILK-FEUAHES . 4 h-BN & &4 95 wt%It, h-BN/SEBS
HEMRATEN 45 W/(m-K), MHRWEETTRPHRGEEN 4.4 W(mK). ETXME
FFHEP BT A s, A 0123 15 AR R A 7451 h-BN/SEBS E4&
JEH S AL, Ese T AGE R E T A P15 h-BN/SEBS E& % . JEH,
h-BN/SEBS & & AL /K77 [ 5 2 B J7 7 FZ R BE 75 28 40 wt% M 60 wt%.
h-BN/SEBS E & IRHIZIK 2% (CTE) % h-BN S EMINMEEL, 4 h-BN S &N
95 wt%I , h-BN/SEBS & & JE ) CTE N 16 ppm/K. 41, 24 h-BN £ &4 hinis), h-BN/SEBS
HA M RN R iR FEAI W R N AR kN, 24 h-BN & & 95 wi%hT,
h-BN/SEBS E A EA ARG — 2 M (2.6 MPa) » FATi#E—2¥ h-BN &2 N4
95 %] h-BN/SEBS & & AR IS T CPU H#h, FazSia A0 b 118 4l SEBS Ji [
KT #44°C,

(4) JBREHhIE-T) AR 75 4 h-BNAREM E (EP) B &4kl h-BN 7 EP JE4A 1)
T EHUA M BRI, 24 h-BN BI85 BN 44 vol%I, h-BN/EP B &FHRHE 3 BT A VG 3K
IEE] 9 W/(m-K), AHETAE @ s R IL R H & h-BN/EP E &M ER#FE (3.5
W/(mK)) mH#fE LA e HE-) B R 45 1K h-BN/EP 526 A0 1) A 5
FHEC TS @ FE LR ] 4 1 h-BN/EP &M BHEA RN . JdllidE—24% h-BN/EP
FEM B A BN, 25 538 B8 F -1 1R300 45 1 h-BN/EP A KHI
SRR S

K. ANHTRMH, Theett, REWMELEMEL i Esl, e, e
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Abstract

Abstract

With the miniaturization, high-degree integration and multifunctionalization of modern
electronic devices, considerable heat is accumulated during their operation. “Hot spots” were
generated due to the excessive heat in some parts of the equipments. Long-term high
temperature would seriously damage the devices’ performance, reliability and lifetime. Thus,
the development of high-performance thermal management materials is crucial in addressing
the hot spots that occur during heat transfer. Since polymer was ease of processing, light
weight, and low cost, thermally conductive polymeric materials have strong potential as
thermal management materials. In particular, because of the insulating property of polymer,
designing polymer-based composites with excellent thermal conductivity could meet the
demand of some thermal management materials. Since polymer exhibited a poor thermal
conductivity between 0.1-0.5 W/(m-K), they could not meet the requirement of fast heat
conduction for the advanced electronic products. Inorganic ceramic fillers such as aluminum
nitride, alumina and boron nitride were added to the polymer matrices to improve the thermal
conductivity. Usually, a high ceramic content is necessary for the polymer to gain a
substantial enhancement in thermal conductivity, which inevitably led to the difficulty in the
preparation process and the processing conditions. Therefore, the development of the
preparation strategies for thermally conductive composites have generated great attention.

(13

Hexagonal boron nitride (h-BN), also called as “white graphite”. Attributed to its unique
structure characteristic, h-BN possesses some unique properties like electrical insulation,
superb anti-oxidation ability, a pure white appearance, and so on, which make it a superior
candidate as the filler in composites that need thermally conductive while electric insulation.
Based on this, a series of h-BN/polymer composites with high thermal conductivity were
prepared via designed methods. The structure, morphologies, thermal and mechanical
properties were studied. The composites were further applied in thermal management.
Meanwhile, the corresponding heat transfer mechanism in this structure was explored and

supported by molecular dynamics simulations. The main contents and results are summarized

as follows:

Firstly, polydopamine (PDA)-coated exfoliated h-BN, denoted as exfoliated h-BN@PDA,
was obtained via the ball milling process. The reaction components were composed of h-BN
powder, dopamine and Tris-buffer solution. Since h-BN subjected shear force introduced via

the ball milling procedure, the layers of h-BN decreased to less than 20 layers. Meanwhile,
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dopamine self-polymerized into PDA and coated on the exfoliated h-BN. The PDA contents
on the surface of exfoliated h-BN were calculated to be about 3 wt%. The exfoliated
h-BN@PDA was filled in cellulose nanocrystal (CNC), followed by the vacuum-assisted
filtration process. Thus, exfoliated h-BN@PDA/CNC composites with a highly aligned
structure was obtained. The strong hydrogen bonding occurred between the modified h-BN
and CNC. Exfoliated h-BN@PDA/CNC composites with 86 wt% h-BN showed a certain
flexibility. The thermal conductivity of 94 wt% exfoliated h-BN@PDA/CNC composite was
about 40 W/(m-K). The heat dissipation ability of the exfoliated h-BN@PDA/CNC

composites become more efficient with higher filler loadings.

Secondly, h-BN/thermoplastic polyurethane (TPU) composite films were fabricated by a
combination of the ball milling process and the hot-pressing treatment. h-BN/TPU mixtures
were obtained by solution ball milling of h-BN and TPU in N,N'-dimethylformamide and
subsequent precipitating in ethanol. The resulted h-BN/TPU coagulated solids were then hot
pressed to fabricate h-BN/TPU composite films. h-BN sheets dispersed well and oriented
parallelly in the TPU matrix. The h-BN/TPU composite film showed outstanding flexibility
even with 80 wt% h-BN. An ultrahigh in-plane thermal conductivity of about 50.3 W/(m-K)
was achieved in 95 wt% h-BN/TPU composite film. The corresponding out-of-plane thermal
conductivity reached 6.9 W/(m-K). The stable temperature of 95 wt% h-BN/TPU composite
film decreased by about 40 °C compared with that of TPU film when they were employed as

heat spreaders for light-emitting diodes.

Thirdly, h-BN/SEBS composite films were fabricated via the ball milling process followed by
the hot-pressing treatment. h-BN was well-dispersed and highly-aligned in the h-BN/SEBS
composite films. The thermal conductivity of 95 wt% h-BN/SEBS composite film was about
45 W/(m-K). The corresponding out-of-plane thermal conductivity reached 4.4 W/(m-K). The
in-plane and out-of-plane percolation threshold of h-BN/SEBS composites were over 40 wt%
and 60 wt%, respectively. And these results were supported by molecular dynamics
simulations. Based on the molecular dynamics simulations results, the construction of heat
conductive networks was the main thermally conductive mechanism in oriented h-BN/SEBS
composites. The linear coefficients of thermal expansion (CTE) values for the composites
decreased with increasing the h-BN contents. The CTE of 95 wt% h-BN/SEBS composite
film was 16 ppm/K. The break stress of 95 wt% h-BN/SEBS composite film was about 2.6

v



Abstract

MPa. The h-BN/SEBS composite film was also used to cool the CPU, resulting in a decrease
by about 4 °C in the stable temperature compared with that of pure SEBS film.

Finally, vacuum filtration-slicing up-infiltration was used to fabricate vertically oriented
h-BN/epoxy (EP) composites. h-BN aligned in the through-plane direction in the h-BN/EP
composites. The through-plane thermal conductivity of oriented h-BN/EP composites was 9
W/(m-K) at 44 vol% h-BN loading, which was more than twice higher than that of disordered
h-BN/EP composites (3.5 W/(m-K)) for the same h-BN loading. The tensile strength of
oriented h-BN/EP composites was 25 MPa, and this value was comparable to that of
disordered h-BN/EP composites (26 MPa). An infrared camera was employed to record the
temperature response of h-BN/EP composites during heating. The oriented h-BN/EP

composites showed more excellent thermal conductivity.

Key words: hexagonal boron nitride; functionalization; polymer-based composites; molecular

dynamics simulations; thermal conductivity; thermal management
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1.1 SREGREVMEEESHE

b6 25 AR F R 5 L BT HL A% BF i« LED S8 AL . SR A A 2 Dy ReL,
Hftfrh A REN#RE, RENRBMS RPN ERE. oSG a
U1, S T4y TS KR e BT, BA R R AR R #VE B RE 5 R 1 B 20T,
R AR —RIE M R R E H R G hEm i MRS, BT E s TRE
KE G THA., B KA, DUEREGYINEER S IE S EHERE B E IR
BB, A, HTRAEMARAS, &M T X ASVERA A& R I HE B R H
&, BGMEAEYNHGRIEESZ 0.1-0.5 W/(m-K), ANEEMW 2 ke &5 S HERER
ok UOBL, W RS =R N R FRNE 1-1 Pros. N THEREVMEHERE
BN, T AR A RE

®1-1 HIRREYAEZIR T R R0]

Table 1-1 Thermal conductivity of various polymers at room temperaturel!#15]

Kaw HFE (W/(mK)) KW #H3E (W/(mK))
HDPE 0.33-0.53 LDPE 0.30-0.34
POM 0.30-0.37 EVA 0.35

PPS 0.30 PBT 0.25-0.29
PTFE 0.27 PA66 0.24-0.33
PA6 0.22-0.33 PEEK 0.25
PMMA 0.16-0.25 PC 0.19-0.21
TPU 0.19 ABS 0.15-0.20
PVC 0.13-0.29 PVDF 0.19
PET 0.15 PS 0.10-0.15
PP 0.11-0.17 PI 0.11
DGEBA 0.19-0.20 PMDA 0.15-0.46

£ 20 tH4 70 FAORW, AT T 280 TAORIBE . 21 80 A+,
THEX P RBE L EMERATHI . AT, HTRITREARN SRR ik 2
AAWRR: — RS AR G ARGV EL, R SRR G & 17> T ERRE
BARF R, Shen SEUSIHIEBRIMIR L0 (PE) GOKET4E, HFHRIEE] 104
W/(mK). SR1, JEIERXA I FoR R M A 3P R LR S — P il %
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WA SMREESYEE AR, B IR, MeSE NS R EEEIERN
ANREHA, SRR G AR SRR T X PR 7 VAN T ALt FE L2
Gy A H G B, IF X B E A B SR A B B g T, Rei 2 b
T A AR TR K

WL SRREEMEE SN RRERA . (D SBRERl, . . ) (Ag) .
BBOCAD 8155 () IRARERL W A, BYPKE (CNT) « RE. IREF4ESE;
(3) PREmnl, g A& (. S8 (ALO . Atk (MgO) .
TEAEE (Si0) 5D | BALPIFRESERL (o BribRE (SiC) D L BAAAYIRE T E R
Can: BACH (BND |« EAEE (SisNa) S (AIND 55) o & LI 3 FAGEDR) 1) 74
FERME 12 Prn. SRER TR, (HZ2%ER M TRB RN W5 Ee )%,
Wk RERLEA H S AEE, FENRIHICEE. ST, WEmSERs. (FhFHdE
kBl Bk RIEHEZ IS B IEEL . Ik RER S SBERHEE, BN EAREHHRS
2, UMD BRI DK T 2 &M EML R ) SRS, HRaX BRI FH, AT
w2 FEACH AR E MR e i e . DR, 7B LS, XM RIA RE T 2
SR, T WEIERA S 42, FIRWBRIHR R SRERE, K, MWREERMES
AR GRS GRS I iz .

F 12 S AHRE SR T 4 S U51921)

Table 1-2 Thermal conductivity of some thermally conductive fillers at room temperature!!>:19-21]

FRIER HER (W/(mK))
SRy i (Cw 483
R (A 450
BOOND 158
 (AD 204
B (Fe) 63
P B LR fiE (S 200
AL (ALOs) 20-29
—HAMEE (Si0) 1-10
AEE (ZnO) 26
FAbEE (MgO) 36
AL (BND 250-400
AALEE (AIND 200
FALEE (SisNg) 180
wefrE (SiC) 80-120




Faza =7

H1E ik

12 (&)

FIIER HEF (W/(mK)
Tk R IR 541 (Diamond) 2000

Fi 88 (Graphite) 100-400

% % (Carbon black) 6-174

Tk4F4E (Carbon fiber) 8-70

f152)% (Graphene) 4840-5300

ZEERAIKE (MWCNT) 3180

FAEERRYNKE (SWCNT) 3500

1.1.1 SHHIrmEER

AP EIER EEA . ALO;. SiO2. MgO. & fbsr (ZnO) 2., Hb, &I
1172 ALOs M1 MgO. ALO; FATRAE S, KAN 29 W/(m'K), [FBfHEERME S, 2
SN B ERARSERL, R R B AR T 7 N B 2 1) 5 AR

TR I8 5] 43 BOM B AR SRR RS B0 2 1EH . Anithambigai Permal
GRMG RS RIDGIMEIRN ALOs IIAMEM G (EP) , il bbEGE S FaHHE. MU
e BCE VUM RS SR G S = MONER S S G MR AT R SR BRI LR
PiEES Z IR SRS E SM BRI SRS, MBS ERN 75 wt%hf, E64
BHFAT R DY 2.08 W/(m K)o [FIRF, ABATE b S o ikt 78 iz 2 -G AR S 1 LED
MBS HGERE, 521 = RS AL KZ 2 6.65 KW,

S S A MRS R I R R BR T SR8, 53— A EE B 5 e [R] 3R 2 S I
PH. FHHEIFAPHES >k B T A A K PR e # I A b 2 2IRHAS . 53—k B T LI
KI5 REY 2 WA Mk, 3= e — AN S5 ARG 45 . T 980N ST A BH LA
B E A MBS AR, RHE R R T AT GBS —FE S k. SRR A
Wi EAN G AT LA B A IR T A M, s T SRR B R i SR 4, D
T G AL R E H A T PR LT AP . Yao 223U F AL 2R . Wi Bt i 77 20 51
£ ALOs KM | KH550. KH560. A £E (GO) , SR ER KH550 &1
ALO3 FHEL T KH560 BB GO W ALOs X BHE A 4G s R AV E G AR 5 44
MERECESURE L, BAMEIINATELN 1.07 W/(m-K), X0 LUEREF R 7 55
PRI LT R 45 5 B IR BRI 510 8. 5546, B T IHBIGIAK ALOs I N3 48
KOFHIEHERAESMEL, T 9K ALOs B TN & fihsassmd, 38
BESEN 5 wioolt, 2 ARG RERE L 2679 MPa, X E B T T B AR
IRt Bk 3 ALOs I AT LAAT R HLBA IR KR T2 5, B ORI E SR (1 20 8
S INIEORE S FE AR (1) ST A B . Weng 5521 H — T m] 428 (135 e - B e S Sl 4% A SR 2 —
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B2 (PEG) N#%. SiOx NFEHIEFELEMIN SiO/PEG Yk E &ML, G HET] 041
W/(m-K), FHAEEHHN 91.05 J/g.

P T HGE % ] DA RO 0 B A MR S I B . Xia SEPOR FH Al B 2 227
% ALO; YKKFEEREEVZ (PD 44 (ALO;@PD , JEELL PL NIZ. ALOs 49K
KL NF R G E L4, RFHA R L REEWZ =% (BT #igh, 153
ALO;@PUBT E&ME, #EZE (9.66 W/(m'K)) ML T ALO:y/BT E&M B G HRR
THT 295%. TEXANEEMEIE T, PLAYEK T2 A M EHE 2R 5 1 1 2 1
BE, ALO; KRB PI 4F4ERE G, ALOs KR TR A KK &EH, %
T ALOs Kb FEFAR R 1 Sk [ R, AR T 2@ T . Hu 527
FHBERTAL . B4l & 2 L ALOs B RE&E 48, B e R E22&E kI EN EP, lid X
TSl 2 1L ALOs M & & M1, ALOs K& &1 LLE H] 70 vol%, I HIFKHATE L
TEsR FRGEE, ARTOEE SR, REEN 1346 W/(mK). XFRH] & TR
T — M RS, DA & SRR R R A E S MR T T SR A

MgO & —FAER AR, Ik, MgO RIZREE N T 5 S A i b B b,
Wereszczak 28] % MgO/EP H &M KL, 7E MgO & &N 56 vol%hf, EAMETI# G
RKLN 3 Wi(mK). EFFERE T, XNMRSREEGMH Si0 A EP HEINE S
BRI T R BUE B P

1.1.2 fHIraEER

ALO; (20-29 W/(m-K)). MgO (36 W/(m‘K)). SiO> (1-10 W/(m-K)) Z5% H &1k
Yl G R FA T F LRI . BACYIBR Bk} 3 BAR SR 75 7 S 4, X SRR A 1) J5 1
e g HESIRNEE, SRS M R BEECE, XPhEMA R T B IMERE, ik, Sy RiA
Rl 5 A B S, B0 BN (250-300 W/(m-K)) + AIN (200 W/(m-K)) 1 SizNy
(180 W/(m'K)) , JFHIXEENY M &4t e R i, i BN A B EECN
3~5, AIN [/ LN 8.7, (ER AR IR O S AL R GV EEE SR
RIEIERL . PREER NN R A YR m] DURF R G AR H B 2

AIN BARAIZK R 2. MR, aieX, GHTEHRASMALREMES S
MEL. AT RB[ERSENRE REMEEME, BEREE—HREST 30 vol%, H=2
5 70 vol%. Xu FEPUEFREREALHE AIN, 25 AIN 72 EP S8 MK 8 854 60 vol%
I, EEMERHTELN 11 W(mK). TN 62 wi%#] AIN, EP &M EHIHFHIE
F 4.2 W/(m'K)P%, 60 vol%[H] AIN AN Z M L4 (PVDF) Ml EP &M EH# T
KO HERE] 11,5 Wi m KR 11 W/(m-K)PY, Jiang ZP2EA B 5 25 H AR H 4%
AIN/EP B &#EL, 24 AIN &8N 58 vol%if, BE&MEHHGEER A 3.56 W/(m-K). {H
&, RS BRI N 2 R JR AR A, N T A EE, AT A T
X AIN AT — 8 BB AT LA SRS SR A 2, 98D ST #ABH . Zhang S503E A
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H1E ik

A PRI BR 4 7K HH I R - TR G TR T IiE- S0 R IREF (GBMD = it R¥E M AIN, B 5 I\
2, 22X (4-FERED RN AT . 1 AIN EEN 7 wi%it, SEMET
T HRIEF] 0.56 W/(m-K). Qian S I E S0 75 B ik R BE i et AIN, I\ F| EP H,
MR RN S wi%l, BEIMEAEMEINATEN 0.285 W/(m'K). Bbsh, AIN/EH
EWERR TN (PMMA) S&8Y@ M RER G &5 2], HFHRIEF 1.87 W/ (m KB,
B2, (RMBTEALRE TR X & A L BOPR 1 T AIN [ R RO

SisNy & —F B B SR M B AR, A EL T AIN I BN, & 1T 5 rhiaE 1 S bt E L g
JIHE 5. SiaNg F#CG R AT LUE I SO A 5 1 7 FI S M AT 45 . SisNa A = Fh il A
R Con By y 4D, HA, B-SisNg A —NE# G E78 B-SisNg 4 FH T34 1 PE.
BR M (PS) BRI EPMOAIE TR . 1 B-SisNg S AL H] PS i, Sl FHRIAH 3
W/(m-K)P, THFAER| EP H, EEMEHRGHELHN 1.8 W/(m-K)P7, SisNa/MEEH s
SAMRT DUEIE NG B SisNg GOKBRCRHI 15 2]. B A MR E R & S 45
WECE . PIFE R A BIFEIC, HFmENR . HEAERN 50 vol%i, 99KE
AR 3.25 W/(m- KM, (H72, SisNg A iR, Al TE R —IER
5T

BN H=fE AL ANHEAM (h-BND. LR (c-BND. 40 RAL I
(w-BN). h-BN [J# TR 24 M FE (HRNHRFHRE 600 W/(m'K), HAIMVTRZ
30 W/(m-K)) W1, A-siHeh 3~514, Hriafbpe it R xRS h-BN BN 3
MG B EMRI IR EDR, TR TIE 77 R E %R . Lin 5%E h-BN %
B FE Ak, N EP Z& MR, 78 AL [ 10 I FE H R SE ARG 0 Lk T T B
TR R EEE, SRS RN 20 wilt, BRIMEASMEKNEAHRSERN 0.85
W/(mK), T RIS SR (0.4 W/(m-K)), #9507 KLW 5. Zhu 476 h-BN
HAEN 50 vol %] il & A2 — M m AT (1457 W/(m-K)) [ h-BN/ATH4ERE A4
B, X 32 BRI 8 SO IR 7 V5 AT DLSE A KA R HES ], AR 4R R AE MM ISR h-BN
F, FAER DL TS h-BN 2 R 7 A& 3k . Zeng SEUOME FH UKASAR (1 77 V20 30 =
4k h-BN P2%, BEJEEN EP, 132 E S RHESTRS BN 9.29 vol%h, G %)y 2.85
W/(m-K), #BEIK RECN 24-32 ppm/K. Chen ZEPMif B -HEIR 5 VA5 T8 10 7 70 1 4%
=4 h-BN/AEREEY), WEEEN EP, fEIEENS BN 9.6 vol%l, &M R # G
N 3.13 W/(m'K), EFLEFLZE A 10" Q-cm. Shen 2547 Mi F1 % £ Bk (PDA) 1.7 h-BN,
bEJEIIARIER 2050 (PVA) iR, §Il&15 21 2 S BHEERS B4 10 vol%H,
HGERA 5.4 W/(mK).

1.1.3 EEEER
B 7 AR B ALY X B WL B R, A S A SR, Eetn. SiCs
SiC gemf mim IS R m . Gu Il 2 AR R A7 RS b (POSS) itk SiC fi
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T, WA HUERES SR BR, BIAME SICHEEA TREZE (UHMWPE) & 44
Bl MBURLE LA 40 wiolf, S ABPEHIHS RIAS) 1,135 W/imK). BN AR bk
PR SIC 99KKE T, EP AWM EHIRSRIET] 4.1 W/(m-K)*, BT SiCH T, SiC &
4 LT 5 AT A BRSO,

1.1.4 EAMMEER

REE B — SR 2T A PR S RIS BR . [RIR, 3070 JEORE B AR 4% 5 T () M g
A DUR I 35 & SRR B SR, teln: SiC, (B2 5 5t A% fd HASIE TR B —
HRPREH . Bk, EEREERTEYH T REWEEAME. MHE AR Dl
KAEBERRE, YN TR, A SIS ITERR, A 20 5 il 7% .

WRIBHERTIR S RN, BB L RN 7. H—, BAARRRS R
RBAGEA, TCHERKIKR RN SRCKRS RN G A, AT DUA R s 2 A R
PG REA filhn. AR RSH ALOs 5 AIN () CiB &WHE 7 EP H, 4R ERY
KIRSPRLT 5/ RSB ARG 7: 3 B, EAEMEHRG R R NG, K=,
HANFTARECE 45 R E S IE R R SR, ol BRBRLT5 R RIERHE
HHEAPO BRIk 5L RIERNE G IHAPT, RIE RS BARIERNRE G IH RN,
i X PR & AR RN E ARG 3G R R P E RS, I SR ERe. Li
UG HIPU R ZnO @ ZUF h-BN JRAIRHE AR EM TR, 4 h-BN &85 30 wit%.
ZnO F 8N 30 wi%hf, EEMENHNHFERERLZE 1.96 W/(mK). XEEREFNZ
PR SIRAEECERNR A IS, o] LA B 58 5 5 400 2% R R 2

1.1.5 £RER

@ T EEREJ BN, RENESBRETEREAHB T, B,
R E&RER RSN B E GRS o, £ 8 R MIRE L4 ZIRE T DUR It g
XA A FAGIREE, EREIING BIEES AR A N, SEg&)ElE
FARH R EL Xaem AR EAER, BRI T ARG E. &Eb T EARKMNI
PET SR G BRI R, S5 KR 2 0] UAE N & 8 5 BE WAk Rl ) g =,
I/ FURL S AR E AN UL AL, 78 SRR FH R 75 AR FR I BEAS , AT & B S 4
BHO G . B -2 85 M DR AT DS i R (0 Btk R, EITE & B 3R 1 355
HOREIR - ER g E T Nt = i O e T SR R e e EoO AT Sy 6 B I A0 A S =
Wi e L M RE ISR

Zhou D& SiO, 78 Ag #9KKiT (SiO.@AgNPs) , 4N 50 vol% )
SiO,@AgNPs 2| PI M IgH B, EAMENHTEA 7.88 W/(mK), MHEFEEH 11.7,
Chen FFOME H SiO, B8 Ag 41KEL, BE/EIEA EP. RN EEA 4 vol%itt, EE&H
BT EN 1.03 W/(m'K), HEH%EZ8 1.385%10™ Q-cm.

UEAk, Zhou 25612 Al@ALOs@SIOr 2 2B M- 45 W& 8 Al Bt ff
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H1E ik

MXAE AR, PILEAMBHHMGEA 3.1 W/(m-K) GEEFS B4 40 vol%) , AHXT
HEHCH 20.7. HHZ E0RETNEE Al 44 (AIF@ALO:;@Si02) il AI@ALO;@SiO2
TENRZRIERL, 2 AIF@ALO:@Si0: 5 Al@ALO;@SiO: KAL)y 0.75. S RHERNE
A 50 vol%if, EAMEIHRTERN 152 W/(m-K), FHXAHBEEECH 19.6.

1.1.6 #xFZRER

Bk ZM B 220% . ONT. IR 4E A S VG CHSEBIAT KL 5300
W/(m'K), CNT FI#GHE KL 3500 W/(m'K), BREF4ERIHRGEZE KL N 50 W/(mK))
(63651, Rl M A N & B 8 T I S HGE R, T Max-well 1R AFEE, (UAIATE 1 vol%
) CNT, RAWIHG AT LI IN 50 #5100, SRT, B AMEA G m it d 3 R R 7 H
T 466 25 A T B

N T BHIERR RAEHA S SN, 58 BRI, v DUR IS Rk R AR R 1
BB LN, Eln: A (AOH)) 70 ALO8. Si0,[®71, SiCl72IA1 BN
& IR A SR R AE Si0, i DR B S RA LRIV, RIS RN 22.9 vol%H,
HAEMEEBEAZEE 1.0x10™ Q-cm, #FH 2 3.3 W/(m-K). Cui ZUH ¥ R-HER 77
VETE ZBERKE (MWCNT) B SiO) (SiO.@MWCNT) 178 EP 4k, 7RIk}
FEAN 0.5 wt% Al 1 wt%h, SEMERI#RFZES B T 51%HM 67%. H, SiO2k
T WIRE CNT 5500 BP SRR B 2R L, [FIBTFHAS T CNT (R H - FA&%, ¥R T
AT AR SRR . Si0) B 2SN F R WF —E M5 . Zhao U
WF9E T ANE Si0r 178 2 B FE ) SiO.@MWCNT it & fig (PU) /SiO.@MWCNT & &4
B3 A RE R o

SRR Sk RIERATRMNOBLELZIRZE, SEEMERMALIEREE T — €M
TR, ERHTHAR S, XPEE AN T4t HASEEMATRER, &
Y& FH TR 48 55 1t B SR PR B BV B AR

1.2 FLHR

1.2.1 B SEES e

BN, 2&HFESHENN (B) BEAMER (N) FET4Hk. L, #aE{ih BN
HAel I & 77 ES R, e BRI KB, 7 1842 4, Balmain 5517778
B XA BN, AT A B ERDE R AN E AL . (2, EF 1960 4F, XA R BN
IR RE D R B R TR B AEAE . AR LHE AR & SLB 2 Fh i 2 1) BN R
WALA . BN IR 2RI Tk, AAAEZ A A Ea0, 4% h-BN. ¢-BN. w-BN. h-BN
MR T A8, BAZREW, & —MEELER BN 28, 2R Mt ] DLk
WIRZEFE . BN [ 55— M WEE M2 c-BN, S5HSMIT4 A, iS5 Ak B s s —Fh
AR, A —Fl& w-BN, ZEHZRLT NIk, Bl 1-1 FE7R 7 BN [ fa iR gife 2k
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RURIAR L PR~ A B

(a) Hexagonal Rhombohedral

EFsy FEEE
w&

Wurtzite

------

Wit

et ag

A3

:r l:" A i - ; . _‘-'-
1000 : P
L
10f i Vapor
0

00 2000 3000 4000
Temperature, K

1-1 BN [y f kg5 (a) AR (b) 1)
Figure 1-1 Crystal structures (a) and phase diagram (b) of BNI""]

FERRESRAT T, h-BN 7EIX =F BN A 2 faE . $)Z h-BN i EER B2
8% LR R P s B H S B R T 5 N R 2Bt (B 1-2a) o fE8. h-BN
JZ b, AHARJE R A SR TIAHARE) h-BN 2 1A LSS (Ta e /e . 5hA
WA, AHARE) h-BN R 2 RIS TT R T abis a5 DLE S, B i 75 N JEFIRE ¢
HORR, 2 AAHERE (B 1-2by o) ; WIAHSEHI A EIE 20, S ET S S RA
REBN, MEBEHTEANNT, S ABHESE (KH1-2d. ¢ - HTFBETSENET
A TEAR, B-N B2 0 B T, 134048 h-BN ;2 RIAMUAEET R D), &
FEAE “lip-lip” 1B TEARAN R 2 B R0 2T b S B M B 8 A, i b 7
TS e 2 B H 5 AR 248 T LSBT AR A Re s fe Mk . (R, TEZ 2 h-BN 7]
DARGE BEAAR ) 25 44180821, AN h-BN AR B /D HUZ 1 h-BN 49K v A EC T4 S8 )@ 55
PRI
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12 (a) h-BN HIZHIBIE: (b o) hBN WU SILHIBE: (4. o) AR RIS
st )

Figure 1-2 (a) Structural models of h-BN. Structural models of h-BN (b, ¢) and graphene (d, e) showing the

stacking sequence!®’]

KO8 h-BN X SRR I S5 A RHIE, h-BN BA V2 EERHER . #li: h-BN BF—
ANTEA IR (~5.9 eV) B8 LA B A 2k RFPE, TT DUME N4 B2 A MR SERHET,
ZE| h-BN [t sz, MHLT CNT, EE%5 h-BN [ Ft 4 & /1 H 55, h-BN B
I RRPUEALEE ) (FEZS T Al U 850 °C wial®), fEE A4, h-BN A LA
3000 °CPO) |, FHIE T e ReR B iR Z0Y, h-BN IEfL S EBRER T, B
gk A (BNNS) BRI HAGE R 600 W/(m-K)P>2, ik AR 2% (1
E. 22 9 E RNt N-3.41x102, -3.15x102 A1 -3.78x10 /(cm-K)) 41, h-BN /5
FEART 50 nm B, IR LN 31.2 GPa, #UHHHCN 220-510 N/m, BMIRBEZA 1
TPal*], (i & Fl T R AW f 2485500, i+ h-BN B TR, RSBl
o, A B ARSI WG ISORT R e PR RR LT, 3 Bl R P A & T il 46 1T o
B AW, H TR AL . BeAh, I h-BN 2R S W)FAA Fhml LIS B 4 R 5
SEMEL HT h-BN BARXE R KR, HEH TR RRAZZEEMEE &M
BHIEEL, Rls2 BNNS, #AA G SRAL G YEE SR SR

1.2.2 SALTRRYHI&

ARSI TR h-BN (g5 MR iR o YERPER, AN sZI 1 h-BN 7E1%
I TERE. PR, h-BN AT 28 00 A0 R M Re R o BB, R 5 2 2K
BNNS il 8 7% F 2 )7 RE . BAHRIE . A SHPTR (CVDD. FhESE. £
PLEHA R SR ER . KRS BNNS.

1.2.2.1 HZFFE
2008 4F, Zettl SN YAl T 2R B R SEEL BNNS 5 SiO, A 45,
SR [ SHE . oK. . 45PN, ESE Y BNNS, FERE A 3.5-80 nm, iX
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B 2 5 /037 1) BNNS (25 AT A AR T At 2 BB B0 ) 2 gl it o 1101050,
SRIM, 2 E G h-BN Ky AR RSFBR S, 320 BNNS B RSFHZ IR (<JLHCK). =
&, BRI RS h-BN 54 7] DAAS 2RISR T 100 pm (1) BNNSHO®103,

7725 3 B GLFE B g 25 3 g 10110210000 HLgr (138 i BT U1 g A ) ) g 061081 sk
Fe— Rl FH BT ) 3B h-BN ¥y K4 il BNNS FI3EH 11075 15 77 B = i & ) BNNS
Al DU IR ER B 77000 A AR ok BB A 75 i ARV OO A5 2. i, Yao SOV
E+ R IR N (SDS) /KA R15 h-BN #1250 52 BNNS, SR1FH 7 Bk
B BNNS [KEEAN 1.2 mgmL (F 1-3), ZoE0REA HEarfEeE (F1-3e). ki
SRR T AR R I TR A, BbAh, o nl 7 AR A 5 R s gl i

(a) (b)/
v
shear compression
(c) —

=#— —_—

scission

K 1-3 I ICREBREE HOR SEBL — 4EA0K R RIS, YRR INEIYI ) (o) FUE4E D) (b); FEE A IR
TR (o MEY (O JIHRMBTRN 499K 7 2m; (e) BNNS & SDS-7K 44 & H (1) 73 H
Wi: () BNNS [ TEM B} (g) BNNS KX L TA74) (SAED) [ F10%)

Figure 1-3 Exfoliation of two dimensional sheets by shear force (a) and compression force (b) during the

ball milling process. The sonication-induced scission (c) and vibration-induced exfoliation (d) effects on
two dimensional sheets due to sonication. (¢) BNNS dispersion in SDS-water solution. TEM (f) and SAED
(g) images of BNNS%]
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12.2.2 &HEZIE

2008 £, Han ZE1M21p5 0S8l T h-BN 7EIBAH 3125 52 5 /0 %02 BNNS. 0.2 mg
() h-BN @A A7E 5 mL (5 (JA]-2KFE-W 2025 -4E-2, 5- 3356 AR 207 25 1 1,
2- R LSRR A EM2), BT LR h-BN JZ A FVE AL Sy . BEJS, Zhi SUBHRE 1 g
h-BN ¥y RKA1E 40 mL N, N'-— 15 L i (DMF) HRRIZIAE S, SEEl 7 KHAR I £ BNNS.
NT WM BNNS FERIFNeEa Sy, ool — P IRAGERAIEMER, HRmaEN S
BNNS #HULHAC .

TR EIAE R, WA A A AT 2R T 3% 12 7R B A WLV 7, J8 0 BT D 46 h-BN
Fn AR T DB AR K A SR U A MR R S R S A T LASEI h-BN 158 A%
B, B Z 50802 BNNS ZKIEWR 0 H0l . SR, TR KMR1ER, 724 BNNS
R RTkh e BEJS, Smith SFUPUIIAN—M&E BB TR INE R GHERSYD, WATA
YIEFaE ], 1FEI—A 2% 0 h-BN fnik, JF HAE KSR I LR 7 5ok

HEFE h-BN RIS F ) g 2L TR E A5, B2, BT A58 25 BNNS
A ZRIVER JIAE, BNNS ({77532 . Shi 21O F AR S2P h-BN (35, 15
B BOAR B8 3 mg/mL o A X AN AT DL 7= 26, 358 BNNS 7R 71 1 73 8
NT PR R R B EFIRERR N, FFEATE T A FEFTE h-BN B3 F2 4
YEM o Coleman ZEM A A R HIVEVER, 785 WA FIH #1522 F0 2R R, 855 SR
A 3T 1 ) B A R I R B e i Mk, B B R 5 R 3R T 5K 70K v AR Z Rl Al
77, Bl y=40 mI/m?, DA R AFI e, Hodr, WERIBOARPE . SUBERT N SR Re s R
AT DU I AR R S50 (HSP) SREGIE . 25 FE A I FIVE 0 2 (A1 AR ELAE FH I &S & e s
SR (IPA) 22— HT#E h-BN PIREER, 5311 BNNS 7808 F 7= % 02 50%,
BNNS HJ# B2 0.06 mg/mL.

NT DA, 75 HSP W3R Ie S, RE TIREHEMENS, @itk
BN FNE R G2 [0 ) HSP PEEG AN RafH, SAEFEHM “557 W), B SEEFIK,
fE9 h-BN BIRIE G0 W& 1-4a o, A HITERZ 55%H) 482K, 132/ BNNS
IYBOREBL “FAEt”, WA LLEF] 0.075+£0.003 mg/mL, AHELTH IPA 15 A7)
i T 37 . Cao ZEMOURIE TR IKTS IPA IR A AE R ik, KPR A Lewis
BRARRAE « IR3h AL SR TR K 7708 57 mI/m? SE0%, AR T L # S 2. KB PIRa =4

(a) B THIHAN: (b) ERIEZELN; (¢) h-BN FEEMAEER THHE, X5
Ajayan F5 NP2 H S A2 — B . B T340 31120 WORK (Wendt. Owen. Rabel
Hl Kaelbe) Fi%r, 1EEREHHHE R ITK /I KIRIFH I I ELER, SR 5 R H FAR 37 1e 15 7
KEESH. 4 BNNS [R5 /) SHEFIMUCECER, BNNS 48 5 MR 1 i 25
0.45, ALUAR SR I BOR . fln, A 8 R AR 3 v M R sl oy 5] (56 A I
TRt A AE NI, 13200 BNNS (722302 20 wiel™2U. SR It & A KR TH 7k

11
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(y=33.3 mN/m)./M{J HSP i 2 (R,=2.59 A), 55 h-BN #LL, ffi H il A3 5 552 52 BNNS
IO R . ARTD, H T AR SR m B RN, AR R MR O H B S
AT, H5ea LR oM SR HAE .

Br 7 LR ik Ah, fERRRRIE h-BN B S R, W MRS A
DMF/S TR AW FNEN2, i b 56 B S BRI P) L Sl dm S A BRI Byl B
FH R B 5 P A KIEN ), T 40 Rl B 7 s R U200 e TR i R L 20T,
FBH WLETAE 7 KA BNNS 40 B0 -

RN o
2.

-_ . L R,
| Y ii'i.im

11
0 20 40 60 80 100
EtOH/vol % —

Kl 1-4 (a) BN 7E SRF//KIR A IS0 (b) BN FE LB/ 7K IR VA 77 Hh 1 I AH B Ra
{0127
Figure 1-4 (a) BN dispersions in ethanol/water. (b) BN suspensions in ethanol/water and the corresponding

R, values!!27]

1.2.2.3 4MNIE

1990 4F, Paffett ZEU 2P QIPEHIRGE T4 )8 Pt (111D Al Ru (001) FEJK il il i)
B AT AR AT B EE SR AN AE A= K BNNS. 812 BNNS £E Pt (111) 1 Ru (001) FEJE FRIARE
FEEEANE, P, BNNS WA & mREAR, 75560y 0.36 M1 0.15. B+ B ETF5 N
JEF It E LR 1 1, 5 T BRMTTIR Y RS BEfS, Oshima ZEM2TLARY K
ATORAAR, 7ENi (111) B EAK TG 5 Z BNNS. 2811, 5 Paffett (14 22,
AR 280 Z 2 R A, B ERAERMLE T ENAE KR EEY
300 AT IA TR . (B2, F)JZE BNNS B4 KAT AT T 5 LT AR T S0 # L
Z W0 i NI (111D R (249 A) AR h-BN (2.5 A 2 8] 1 & 1 502 R
/N, fEA3 N TEBCNARIF I A T 4E K h-BN (3L

Bl AR BIRABRIARES (B RZ48-58 °C), Ml IS =l Skieid F2 B
WS, AN (CIBNHD 3 2—MfEr. 2 TAB Rk, B H TR
WWRZE Ni (111) MBUFI Pt (111) 132 EAEK h-BN. fEHJZ h-BN/Pt (111) &R AL
MELBIPFpEER: A-B (B AN A& EU R 5 Pt (111 FEJRES) A B-2 (BN
T A RS B AR P (111D FEECHESRE 30°), X3 WA IRk 2 A F 1) 3 i 4 & ot
HLZ h-BN (TR B A Rl TS5 0 2 2 5

12
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2004 4, Corso ZF!BIfE Rh (111) JEJE B4 T 9K MAREEHI0 h-BN, JF HERBL
H v B R A o A AT TR ) B AR SE A HEAT T RIS, R IR X FL A T AR AN R /M e
T BT F 2L IS IR 2R 341901 R AT A0, 9K MRS5H) h-BN AT LAYE Rh (111D Fil Ru
(0001) EAK, TMEHREAA TR h-BN 8 RS Pd (111D, Pt (111).
Cu (111)+ Mo (110). Cr (110). Fe (110) FINi (111D, {EIXLEIRE FAK H A HE
TESHE LR h-BN 7E i (0 28 Kk e v (10 50 T 2 1 Y D% A SR A 4D R e/
FENTILREMAE . 78 Ir (111D BT A RS, 52 h-BN FIZK MR S5#) h-BN 7] LA
[FIR AR TEAKIMIREEH) h-BN [ EARD IR (a) BRBEIR M B s (b) ATIK
B i ORI B S R 5T (o) WIBUR A BN LUE R h-BN &; (D) 3E#E
h-BN & A RREUZ 1 h-BN GKFSS5H) . h-BN GOKFRIREE#I7E Rh (111) 410 Ru
(0001) U421, T (111) MBS b 1 i F2 A8 P S B S A B sdE A7 W0, &5 SRR B IR
FEIR A AT ORISR AR BE DA K 3 s 5o T2 i oK IR 25 4 4T T RE e /E

i, fEfE FAEK h-BN BUS TR KHERE, 7E 4 9678 Rh (111D B4R BJERLT
HZ h-BN, fill&afE 27 R EA A& bR ES B =N RN, Rh
JREAIBIZIR, I h-BN BRI BRSOES . R, 7E 2 TR R4t
ETE R h-BN 2 E SRR 798083, X MBS h-BN 15 R3S A8 45 55 0
IR0, (HE, SRS RICE CVD ESEEL TR 2 J) e-E F AR ALK T
AAYEBRIG P HES B TE 4 S/ H0Z h-BNU4OT 3 s 3 s B Ak — S5 A 5T h-BN ) 5 A
FAK e h-BN 7 il 1 A0 0 B St 1B AR . hAh, h-BN 90K v il & ik ie
i: van der Waals ZREM7A91 0 4o AR E SO i ¢ R AN ENSASE SN E Ty %, SRTHT
h-BN FAE KT E A RE TS, 45 h-BN S50 20— Ak, 5 )2 A8 e fhe A4 751 =
JRAEEFE IR

1.2.2.4 WESHETR

JUE R ANE )T DA B S A S HZE h-BN, (HZ, RIS A
JERAR U, Ko IR e B, HLRE SRS B TAL IR . 3K GG B A5 15 ) 2 i e
MRS [RIL, EVIFREEIF R — R R AR SL e @ 3R A K KA. RN
h-BN, JfHFHEH % LE SRR T EME. — B, AT LUER Ak A pliid FE ke 1)
h-BN [IRE BE. @i, Zhl&d R A HAN. e TRE
R . AR50 F, BTERIERIEVE N R B I, B AR I REAL 7 S5 R 3,
AT A KA S JEFI h-BNLS3-54,

R A K h-BN ) CVD V2 8 B e A s il be /T gk Ads,  Cull55-161 0 Njl162:163]
A pOHOTMWESHILR, 8 iR T IR JAEAF =) DL R (PR BE B 46 dh,  PRIEAE %K) h-BN
078 55 Y0 FE L HRCK B LK (B 1-5) 0 PRI T A5 R0 A% 2 B A< T 28 I 11 T Ak 2
FUVRTORAR I RUORARIOFPIS . YIgGTRIE . 2008, DLROASE R 5S4 h-BN A4 K2
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) CPIUY Y CYqeIIIC (ONLUY| E[GCILONIC KLAP[I2PING HOomMz6" || LIBJ2 Le626LACq’ |JFR\// MM CURI TG

AL TP RS 2 38 5

AR HESHSON, i LR U A PRI R AIG; 7EIRET, h-BN OB ZE K

ATFEER) S 5 — NG I BT TR A, SIANBRIE T, RN XLt
BIRIE T IEA G 4. BRIL, AR A e 40 B A w4 R T i 2B BE . 243 503 41

h-BN & i,

Hydrogen

(a) Ammonia Borane decomposition Aminoborane

(BH,-NH,) 90-100 °C (BH,NH,)

+ Borazine (

f 7
srandiiel ront side

h—BN

1050 °C
-annealed

back side

(C)E,Z“ = triangular-shaped h-BN
ils-
£
H 10
5,10

0 1 2 3 4 5 6
Annealing time (h)

Bl 1-5 (a) h-BN fAE KOS R BAIRKAEEE (b) FZMEK 3h (¢) M 6h (d) 4K h-BN ] SEM
Kfs (e h-BN XIS 2041 5 Cu i RVIR KIS TR R 2R AR 27359005 65 min (£) A1 70 min
(g) JEAH h-BN ) SEM [ 158]

Figure 1-5 (a) Growth procedure of h-BN. SEM images of h-BN without pre-annealing (b) and with
annealing for 3 h (c) and 6 h (d). (¢) The h-BN domains size distribution variations with Cu annealing time.

SEM images of h-BN film with growth time of 65 min (f) and 70 min (g)!'*%]

==~

JE b A R AT B2 h-BNUTO, {HE, h-BN RRESE 4B 5. @ Cu-Ni & &1FNEE,
Lu ZE07TVAER T B 2 h-BN Sk, SR AL 7500 pm, X EHGRTAIGE R ZE K 2
AN 51N Ni 1] LA R Bk 25 B PR 2 60 per mm?, AT AR KRS ) h-BN.
[FIFE I, I ] Si 4 Fe WP R & &, MAEYE Si 4% Fe &) nl LU 4% h-BN
(R A% B T BRI T h-BN IR 2 FERZEL, (H2 S h-BN X802 [A] 1Y) 4 77

B TR SR, SRS AR R R B ST . Bl AR BRAME Co
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F1E %k

FEEFN 7 h-BN [T . B, Kim SEUPHE A8 HP0K s A S G R R 2R KOR
AR h-BN, 7] LAS 2 G B  h-BN

N T B R RS SRR R A S G IR R % L2 CMOS LE A, fHRA#
7R B 4 2 FE T (14N Si02/Si) kA=K h-BN BLA B 5 B4 T2 R G 7T« Yu 50174
RIE | — AP ICHEARIR T, I A SE S TR CVD £E Si B EAEK h-BN, 15331
=% h-BN FJR1N 0.8-2.5 um, I H5EKBEAARMPBIRFH. ok, 7E SiO/Si %
K ERTLAE R B MgO. AR (FeO) FrRMAMRAMEKADEZE h-BNITL, 15
Fff] h-BN #4 Si0 FUR M2 55, JEE/NT 5 nm, h-BN [H] &R /INRITAE X A] #E ]
DLIE 42 1) A K (R RTR SR AT . 7F SiOy/Si JEJK b, fE B SISl DLE A K 5
[H 2% % )7 h-BN[76],

RE DAL T R DFZE h-BN 4K, H2, H&ERTHEN. L
) h-BN R A BhAR . 5HE Z4upbRISEl, adad # il s Sl AR T 800 °C, FRATTAT
DU SR AT S h-BN % o FITide 358 0 225 G 1R 45 i B AN R . 2 52 M 73 31 1Y h-BN 1
JREAFNEE . A A/ S TR ST S A T AR A EE h-BN K v] DIE— @ F2 R %
il h-BN IR B 25 FE A SOZ AR o 8 O3 i oS, Eban: Fhak, g, s, mril
i h-BN B RSFRUZ S, DA AR KIS A2 DR R I S P (R 3 11 52 A 5, sk
PR IR AR R . I F — S B vk, e BT E R BRI MBS A DU
BKPOEITAR . & B M N TR A BAINZUKE (BNNT) [Ff#gigs .

1.2.3 SACHIRYIEIH

T h-BN RIEDEHE, SIMENME, HAEE R R 8 LR AR RSV AR AN
AN GRS I CAE RS, BRE T ERSEPRR . 8% h-BN R A TE M AT B
B, {Hag, h-BN &5k s ig AL fAR D, BRI, 358 h-BN B4R 2D
PeikiE . CEBEREM h-BN B EZEETH I h-BN 58 R PR e L8 o 5.
WA sE S EE I, YN EEHRS B EEE N R PR, i A
FE—MMER B REAIERE BRI ) N JEFE3# B i FoRPAT i . 5 B RE
HI7E h-BN ) n 84T IFN, ATLAS B — M, SR C=C B B . S iR BRI
& h-BN (1) &5 Fa B 70 3 3 A2 5 R e A T R) IR N ABE A B-N BT, ART, e SLHimRiA
AP S I 5 FIe B R, M E A S T YA B 2 N, BRI E RE BN
PR TAEAHSR AL E CENTRTRAEZR A o)1), ARG A T h-BN /R R Fodk
(-OH) . & (\NH) . BfE: (-OR) . &4 (.NHR) . Fi£ (-COR) . itk (-R) .
KR (X)) Fogld B3 A3 h-BN g5k (& 1-6) .
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Figure 1-6 Chemical functionalization of h-BN[!77]

1.2.3.1 EMEEEIHE

h-BN H1{] B-N § B A 540 B AL, B B 75 N B0 5 ERIEBAT (Hf
Tt MR CE RO o XM RS B AR D 2B AR, N AL
BRI ZRBRANER . FEEE h-BN (2B h BB B REE], e @ e e 3
h-BN 458 1) B A7 b CLSEE AL S48 0 . $23E40 h-BN (BN-OH) 7] DLW F T 2 Fh 4T,
Potn: JediMRHEIERL . AR ME NSRRI T3 — 20 0 ROBL DL R ¥ T BE 5 4 (1
h-BN fiT2E¥). 7E h-BN [E5 R 5I NFREL 775 R EEAHE: RUEUKAREE . /KGR 6 b #E
AT ARASIE . SR EE TR, SRR BREEILSE

Zhi FEU78HE BNNT S5XUEKIRG, 1ERESP T R AE SRR 5L BNNT
(BNNT-OH) , XEH/KTE 120 °C &2 RAEHBE (OH) , )55 BNNT k., X
WECH T REE (XPS) S EMFEHL /MG (FT-IR) UESE ™) -OH Bibifl 74
23 BNNT 1 B f7 /45 b £92]) BNNT-OH 5 %) 6 wt% 58 5T, 7T AR IR 24N
0.25 mg/mL [FaE MK BB BOR . BEJE, Lin 204508 T 8 N @ R 777, ¥ h-BN
FLHEAE/K 18 75 15 2] BNNT-OH. %43 BOR I B4 0.05-0.1 mg/mL, Ff H h-BN # #55
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s =7

H1E ik

RHZ AL EZE . o, h-BN Z0RE . BIPIRIER AL 2t e 4 Bk g 51 2

Coleman ZFUNRGE R I 40 U T ZE7E BNNS (3R 51 AN bidt, #3F—5 06
R/ E KA ), BRI T KR R-OH, 1255 — D iR i B ThRE AL FE I K200 4
at%, 323 BNNS (BNNS-OH) 7E/KH I E K24 0.1 mg/mL. %, fiifi]
RPLET FEFE BNNS 7£7 5 B & A] LAl #5453 2] BNNS-OH!L, 33X 2 R oy S
AR, TP -OH, #RJ5 5 BNNS B TAR&E T ~M . BT -OH S5k
AL AR PR, X EIRF S BNNS FIH 1) B/N A7 5 1 [ S AT PAJEFEHET
FTLA, BNNS BT N AT s #80] ASEILIhRefk . TE R sp® 2201 N-O BEA TR,
A DA H e B R IR T AR . A h-BN By RAE N RTIRAE, Lee S56ISUEEH
T — ik BhER BB ER AR SCE h-BN (RIS FIThAeth . EAEN (NaOHD I IRTERK
BE IR AT DLSREIAT h-BN R BT IR D ReA . b, s RS R AL T I BA k) 5
B0, PEYIME S RERLN 6.4 at%, 45 FRW] BNNS MIheeib £ BIEAZ% KA, H
W B A E MWL, &IT, Xiao SEUS2ME ] miR %I AL HE h-BN, #4453
BNNS-OH, [AJfFSEHL T h-BN 3B fR AL

B T REABMAN, EAHENTT BNNS BZhRef 2 — M EW B F R 5-OH A
fBL, BN SR T HL A7 1) B A7 5 A] LLRE-NH2 B -NHR 2140 7E 2007 47, Zettl U HRE
-NH, 7] DLEEAL 3 BNNT (3R 1H, J5 528 i BNNT BE [T € oAk - Liao 51845 Il BNNT
A LAFERUKIR TR #7521 Pl ioh. 200 -NH 815, AT DUWLSE 2] 48 45 i 25 1
BN 42K . Lei 5'h@ I BREE h-BN 5 JR &= FIR G906 2 2L BNNS (BNNS-NH») ,
13 211 BNNS-NH, 7E KV H 0 B R AT, TER T BRI . 23 A R B Bk /K 72 5 7T A
135 BNNS SBERE #E —NEFi& B i) BNNS . a0 EFrk, 76 BN &K B 51
[ IE AT i) LS Lewis BAE A . Xie SEUf 254k PEG (PEG-NH2) 4b¥E BNNT, iX
S —/NHT BNNT Die e r-a HLaGRl, 152100 BNNT 210 = ke o B K
PR A IR FE AN () J5, Lin ZVR 3 PEG-NH, 8%+ )\ g 55 h-BN 2Z Al % T Lewis
FRBSIE A, h-BN (SR THDA Tk — 5 (R B S A2 R B 8 i &3R5 7E DY MR IR (THF)
o B GF ELIB BT B 1Y) BNNS JIRIRVE TR, N 0.5-1 mg/mL.

gb4h, -OR FI-R AILUMEMIE] BN [3ET . EHAHEPER T, =4 %ERK BNNT
[y BE J A2 T, 16 2 PP Al 1) TR B BN 42K 787 FT-IR 45 53R AR = i R A7 AE B-O.
B-O-C. O-B-O ez, XA YFIET-OR JEF &K, 321 BN (&9l L
IRUFH /3BT QBRI o bk mT DUEIE T i B-C-N et ali BLHEAE B/N ALl FoRIE
% BN. AT HI&— M i 21 H BNNS, Sainsbury ZEUSS19 Jfs — IR 546 A3 B-N
B, ARG T HEEUR Br ROk IRAS i SE{k BNNS.

Xu FPMEH NI MR (HNO3) Bl (H2SO4) SEERLIEECG 4 h-BN, 153
R4 BNNS. BN-OH 5 BN-NH, °] LME A 51 & 571 115 2 2 %1 BN 4744 Kim 55
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AL Tl RS 2185

(189-191f Y NaOH AbFE h-BN i Hoy F¥egL, B 5 BB (KH-560. 3-F0A %
= HEIEEE . KH-550) &1fi. Guo ZE92 194 fff NaOH A4t P h-BN, “ER% BN-OH, [
Ja e S A T R R Wk, A I S A TR Bk A& 1 h-BN,

1.2.3.2 JEHME IR

JEHAMEIEE T7E h-BN (R T ER I R &Y, B —FfaifE i ik, %
AEINAETEREG, PR S SRR e, AR T SHAERMSGE. BT PDA AAH
BFHTEE 71, W7 E AT A PDA RKf&1F h-BN (h-BN@PDA) . 5| X\ PDA AJ A3
h-BN 7 PVA JEARh gy 8tt, Bhn h-BN 5 PVA [AJAUAH & . Shen Z5147%) %
h-BN@PDA/PVA E& %L, 4 h-BN & 24 10 vol%H, h-BN@PDA/PVA & &+ %
I FHRL R 5.4 W/(mK), LT REWT h-BN/PVA E65 MK, SRR T KL
Pifs. Wu ZEUSME ] PDA 217 h-BN, F 756500 E SRR IE (BECy) HIF#AMERE.
e Ah, SUREER t mT DAY ERIR B 2 h-BN R IU, 153 1) SRR Z 16 h-BN 75 2 Fh A Bl
W A R .

1.3 LR EME SR &

BN/ G E G R 25 T T LA g A ORHKI SR, 35T 5 0 7 f (1 8 5T
RS . BRI, JEHEAE B T 120 T 3R 150 2 2R BN/ZR &M E S k2R
. BNIERGWE SRS A EEOR: WRRE . WRiRE. RS MERE
o Hor, BREEVER AR THUBAL A 7575, S8 I BRI AT LS SFORL 5 SE R ) 5 Tl
ASFORHE BEAA A 1) 73 B8, 2 —FOBsit i 114 BNIZR S E S MBHN T

1.3.1 BiRREE

WIR A H % BNIR AR M EHIE S 77k I8 M0R A ml DO o R 7 3H
BHER SRR &, M AIPEREXS TR 1) BN 27l AN 51 4580 BN/
REVNREWAR T R IWRIRAER B AR R RBIER S REEMPIBISNRE, AT
SRS H bR, 8 SR A S BRE A1, Shah, @R 7R R R H AT B M6 L
PERT DLt — 20 BB SR 5 R A WA RO - 3l 5 5 2 BN 1 51647 - FAKE382)
B AL BE9T, TR AL BNUTI9SISISE @ i W VTR i & 1 BNV R GV E G MRS
h-BN/PMMA!3197] - h BN/PVAIAT98I9] b BN/ X 2K — IR T —lglg (PBT) [1961]
h-BN/EPL90:193.194.2001 - BN/SR A BE N MR (PUAD UL h-BN/AEIZAR (SiR) PO, il
1: Song ZEM@ I HiEH BNNS [ IPA 73 BG5S PVA /KIER IR 5915 %] BNNS/PVA JE
BT HOR - Tl 5 A v iR 3R B R 2R A R 2 B R BV ) e AR R R B R
s, #4515 %) BNNS/PVA . 24 BNNS &8N 50 vol%l), 1% 1) G Rk
2930 W/(m'K) (E1-7) o R0, HHIRGET REWe G R, FHERAWTLL
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REVENIE T

w r [
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£ of © -~ x2stretched h

; 8r 8i — x3strelched |
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B 3r o) ]

..g 2r Q (o] y
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K 1-7 (a. b) BNNS/PVA E BRI TEM & J7; () BNNS {55 TEM K Fr; (d) BNNS/PVA
HETER G BUR S BNNS & &K R0
Figure 1-7 (a, b) Cross-sectional TEM images of BNNS/PVA composite film. (c) TEM image of BNNS. (d)
Thermal diffusivity variations of BNNS/PVA composite films with BNNS contents!!!]

132 BRES

FE R A AN TR EAT VAR, IR S REWTE SR T RS BR A 1, &
F AR A 77 o %594 A T E R A = BT ) A7 2 T SRR RIB IR A&
FARFR B Fln: Wu ZE0915678 130 °C & R 7 h-BN K181 h-BN 3k, SR 5
I\ BECy 5 HAARNR G35, 35 1E 180 °C A1 250 °C T szHLFE 4L, 44 h-BN/BECy
FEMEL . Xie SFRO2UE A ISR T 77 %614 h-BN/E 2R ZHRD &Mk (A,
FIE ) h-BN 7E T #E b 5y MERD) . R T XN R R, Guo 51 2ME XU ELHLR e —
FlRNR A 7715 % BNNS/A Z0%- T 50 (SBR) A%k, BNNS HIJE 32
I RS H (1) 7238 4F, I H BNNS IR T FH ARG AR EGRE M, 5% BNNS 5 SBR
SRR AL AR, . B BNNS [ 58 10.5 vol%if, RIS A& MRS E
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FIEL T4 SBR A SN T 253%. {ELA, KR (1R OB 0 4 HOSUR A R
EEEENL IR, PRI  R SRTI S AL, R A AE T
SO RO B E S 2 bR

133 RuEE
JRAL BB G2 W S S B BRBIEDR) y JZ A], X S FRARTE — 58 25 T SR AL R AR R
G, 133 h-BN/R AW A A RH203-2060, @ i J5 A A7k USEEL h-BN 5 R A4
PRI AN BIE S, /D 7 h-BN S5ER-GWEAR R S0 A U ARG T A
T #14 h-BN/BEASWEESHE. Flin: Huang Z5EPOVEE Al 3600 k- R 55 8 8 R &
(RAFT) RGMEM6 BNNS K51 K R BAAR S, 228/BNNS & &N 5: 11,
327 BNNS/PS B A MR # 3 A L T4 PS 3901 1375%, E &M EH A s A K
TR, I AR — N EEECHIKY, IE HE S EIRT LLE I 2 56 Rl TR
TE A FIITEIR . BNNS/PMMA & &4 BH il £ /244 BNNS 5 H B IEIR H R R &5,
M I A A TG PO 1 R RS A RORME . . Lee S5P0h 1T 44k BNNS 45 2]
4L BNNS (oxi-BNNS) , BH/EMACAEE, 7£ oxi-BNNS b5 A R A TE R O B
(PCL)( 1-8).24 BNNS [ 7 &8 20 wt%i , &M EHIHGHR LR 1.96 W/(m-K).

1.3.4 TKEE

feg b, BREER—MITEBHEAR. BERAZMM I, FEAHE: AHHN. WE. B
o M, EERBEGED PR AR AT N X N =R AL R EREE . 1A SR
WAL A FE—DNEARBIEN, KA A—RIEER 2 18] & A R, 78 3R R
s T s . SUCER, EEEERIETY) DRSS DER R, AR e W IR A
R SEEERBE ARG 2, . (R Zo6etE. ArE™, 2&—F Lk
PRI o B EREE SR N T 2 RA R E, AT DL B RN 2RI 0001, R, BREE 2 —
PR GF )3 h-BN 177 filt, Lee ZFU'IE AR ) NaOH 3K EE h-BN, 1335
JRE. mregE. mRCEF BNNS-OH. X4 BNNS-OH 45 523, #iaiid, FRSF
KL 1.5 um, P78 KL 18%. 1% £ BNNS-OH % i 1 PE (I3EE}, #1475 31 ff) BNNS/PE
BEME AL R EC T 46%IM /K728 E I > T 34% Kl 1-9) BRE S .
BRBLLGA] . BREE S . BERR RS AIER A0 h-BN R 3088 R0 3 R 7= B R 52 e 78 2K F IR
s R Gl g R BRI RSN 0.1-0.2 mm 7] DUA ROH0RE h-BN R 55
B BNNS, 33]f) BNNS f7° %)y 13.8%, BNNS FIR A 0.5-1.5 um, EFEANILH
K, g R B A R .
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K 1-8 (a) PCL-g-BNNS fil| it fEmn = E; (b) PCL. PCL-g-BNNS. oxi-BNNS. h-BN f] FT-IR
Eli%; (c) oxi-BNNS/PCL Hl PCL-g-BNNS/PCL & &M K} # T35 BNNS F &K R
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Figure 1-8 (a) Preparation of PCL-g-BNNS. (b) FT-IR spectrums of PCL, PCL-g-BNNS, oxi-BNNS, and
h-BN. (c) Thermal conductivity variations of oxi-BNNS/PCL and PCL-g-BNNS/PCL composites with
BNNS contents. Cross-sectional SEM images of PCL-g-BNNS/PCL (d) and oxi-BNNS/PCL (e)

composites2%6]
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1-9 (a) h-BN 13255 Fom = I DL AH R ) SEM ;s (b) BNNS-OH 7E 2 R 7l v 1 207 s ()
BNNS-OH 1) TEM B Jr #IAH R SAED El; (d) 60 J BNNS-OH 1J°F#5)JE/%: (e) BNNS/PE Z4&
MEHS 4 PE B AIAR X AR AR B 2, DAL TR A (E Y
Figure 1-9 (a) Exfoliation mechanism and SEM images of h-BN. (b) BNNS-OH suspensions in several
solvents. (c) TEM and SAED images of BNNS-OH. (d) Thickness for sixty BNNS-OH sheets. () The

permeabilities of oxygen and water vapor of composites and the calculated values!'8!]

1.4 FE RS HAMILL
HAMRGMELGMRINA SRR SREMA TR TR, AR S &,
FORME R S YRR I D BOS HHA SR A R0 . IR S B ARUD I, ORI L[] AN Hefi,
MOTAFAET REWRA A, TR M “H- 57 ARG SRS B, RE PR
NIESA, BT HEBRBA LR S, REMERM SRR BIRHN& E it
— BN, BRI AR FER, BRI B, JHIRIE RS EE, EEMEINARG
HAET T B G TR W R 08I0 . FEANATORL, SURME =4E 7 [7] ) 3 A 28 12T 56 3%
ARG . I, 72 RS YIEAR TR A PP AR N SRR IR IR 200 T Hufe
FARE O, SIS AT BT B, =HERS . Fssm . R ERmEE,
FLrp A BRI IR S RHE R E 5 1A A A, TR 5 7] /5 2 3 AR RE
MORHEER G s = 4E P28 m] DL SR SR 78 80 SEOUBC AT i FAERE s F I sz mT LA
U/ SFURE S TS W A A 1) () T P 3 B BN SR TR, AT i R RA T
R UME SR S INECEAL, A T B BORHRGE W] DM R S RRAS B4 (1 3 IR RE o
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1.4.1 g

h-BN (TR A GRS R S —FeP i FoRe 7, REK, [FR A
FELEMA T A2 600 W/(m-K), TEH4AMTFE 30 W/(m- KW, Fitk, 7845FH h-BN
TN 7 A AT 5, h-BN 7ER AW A RIS, mTRASEIL h-BN/R &)
HAMEHER €T I E SHERE . X0 T h-BN/RAWE SRS TR R
T PR SETERE 8 7 1] 75 B s # 3R (W A E o EEEE. CHROE E ) g v B RS TR N
ik FE e 51 A E ) DA R e 3 it n 4 g 51 R i ER A .

1.4.1.1 MIFEHaYEE

eI TR, B s =A e vl 7y, . WAk, XSERIRE . RS RS
AT LU h-BN AL S 7E H N 77 170 R A= B 5140 : Shen Z5E171R FH it 48 741 £ B ) h-BN/PVA
BEM, EaEN#FEMEET h-BN WA KA NE SRR EEN 7 —f%. i
FEFEAAE T SEILUE ) h-BN 7R 2R LR EE46 T 1 (PVB) F1 PVA JE A (1) i r) (207208,
BRI A AT LU SRR AR s 2K BT ) ), gE A AR SRS A & AR A . Kuang 55
L2OLefs FH LR VR JR ) 5 116 £ BNNS/SiR E &M S BNNS/ KA (NR) &84k (]
1-10). 4 BNNS (JHERRE N 23 vol%hf, m K FZHLIH 4 W/(m'K). Takahashi %529
A8 FH VR S RS ) 46 B R BRI FE Y h-BN/PP & A 44 KL

1.4.1.2 5MNEB3A 5| AV B[]

I —ANEE RN (. W%, E 3555, LAl h-BN 75 &8
HR A, 7E 2012 4, Studart S8 2107 S FH AL K 4% h-BN FE R SRR T )
HH. BT h-BN AG$HifitE, 78 h-BN FIRHEE LI grkh 75, 45210
FEPERLFAE M h-BN FEAICEE FE R 2 A o (10 ) 77 1) ] L ae it im0 1 37 5 P >
SEH. Blfm: Cho %PV ] CVD ¥:7E h-BN FH Bk, BE 5 REELNRTE
ISR G, IREIIPIRENR b, EIREY K AR, SRSV, h-BN ¥
EWIHTT R AR, SBEA 1 h-BN/ B E A (B 1-11). Lin Z405% h-BN
SRR AR R £ 1077 20 h-BN FIR B _ LA ek, BB EP ik,
£ EP [l 4k fak 72 ot g 37 » 114515 2 HLA 1) h-BN/EP 2 A PR 4IRS 875 20 wi%
i, AT R KE SR, #CFRNEE T 104%. h-BN/EP & &M RN BR J7 [H]
2 ME K R AL 28.7 ppm/Ko A AT TIEAS F TH SR AL 5 SR ah 45 0 L, SR B E )2
FUEARL G AR R EZ R . A PR IT 7 Hr4h RR W & 1 ) h-BNAR G A
ARt e 2P AT IE N . A4, RETEEAER L ZE 1 h-BN g H TR
EPI3-2122131 G L5k KL R T AR 7 1 S B 6T EP AR R, 24 h-BN [ 5 & 20 vol%
I, A US| 4.7 W/(m-K)P, Luo SR ARSI 77 vk i & S A Bk 0 7
h-BN, H7EF| SiR FAk, #4153 h-BN/SiR &M B SRS 84 9.14 vol %,
HE 2B ESMEHNASEM L TER RSB E G RN/ FESY
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AL TP RS 2 38 5

44.5% . (PSR 5 S0 45 R, BN 755 o () A2 50 5 AP 2
SHRIEZFEA. B SIS, BN WK AR, Bl Cho %P1
FIAR b 5 12 10 37 £ P T h-BNZRHE L5 S A bR, h-BIN 0 FL% 7 2 U

5 &k oo ! phase
s 5»%%/@/ = separation  BNNSs/SIiR

SiR < @__’\__:3/ composites

rx.ﬁvl.‘ RZ:{ co-flocculation BNNSsINR

NR — composites
®B €C ON @0 Si  ~HSiR chain - © NR latex ball BN sheet
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Figure 1-10 (a) Preparation of BNNS/SiR and BNNS/NR composites. HRTEM images of BNNS/SiR (b)
and BNNS/NR (c) composites with 4 vol% BNNS. Thermal conductivity variations of BNNS/SiR (d) and
BNNS/NR (e) composites with BNNS contents!2°!]
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Figure 1-11 (a) Illustration of experimental setups. Fracture SEM images of polysiloxane composite with
vertical (b) and horizontal (c) alignment. (d) TEM image of modified BNNS. (e) Thermal conductivity

variations of BNNS/polysiloxane composites with BNNS contents!?!!]

i FH 73 RSB = 4k R BRI OB R . T RS TR AU iR AR 1 4F
I SR A R v, TR 2 T % i S AR S R R S S S A kL, Fu 0219
5 FH 022 b PR 7 ik ) 2 SR A R« e BEEUA] ) BNNS 48, AV R 3 51.1 W/(m-K)-.
G S HE R R SR SR RSSO0 40 wide, JHILH eI s
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AT LSEPL s R A R AR . . Wu ZERTIE BNNS-NH, 525 4 590K 47 4

(CNF) WJIRA W, 135] CNF/BNNS i, BNNS 7EXAN4E 0 iF 200 & B HEs], 24
BRI BN 70 wt%lt, THHNASERL N 3025 W/(mK) (K 1-12) . Zeng &8 ot
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BNNS/PVA E& M, ZBEMEEHLT “iEk-Kie” , K PVA 072K “OK”
I B E R E RO BNNS 2, T BNNS R A A 28 RS, 2
BNNS & 84 94 wt%lhf, EEEMNHFELN 6.9 W/(m-K), FHEEN 125.2 MPa,
PN 2.37 MI/m® s HTEEM R E#H/TZH, BNNS/PVA 4 H T LED 1A,
FAASTEELN 34.6 °C, ML T4 @AW 724 RS TEE (144 °C) WK, X E
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Figure 1-12 (a) Demonstration of the vacuum-assisted filtration process. (b) Thermal conductivity
variations of CNF composite films with BNNS contents. (c¢) Photographs and SEM images of CNF/70 wt%
f-BNNS and CNF/70 wt% BNNS composites. (d) Thermal conductivity variations of CNF/70 wt%
f-BNNS films with BNNS thickness?!]
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Figure 1-13 (a) Preparation of EP/3D-C-BNNS composites. SEM images of 3D-C-BNNS aerogel with 5

vol% (b) and 9.6 vol% (c) BNNS. (d) Cross-sectional SEM image of EP/3D-C-BNNS composites with 9.6

vol% BNNS. (e) Thermal conductivity variations of EP/BNNS and EP/3D-C-BNNS composites with

BNNS contents!!
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Zeng ZEAOU UK R V2440 2 = 4 BNNS (%%, [fJ5iE N EP, #% BNNS/EP E4&
MR (B 1-14) o BARSIRE . Beikr) BNNS KIEH RS PVA KBRS, it
HIVK R AEK T, SEBL BNNS & A % . S5 T 51 BNNS/PVA B &4 K
TR iR KB AW, 193] = 4E45 81 BNNS, /575 EP 27, 152] BNNS/EP
HEMEL BEE, Yang SEREUE T UKBRR 2% GO/M-BN E& 2 L34, #:41F N PEG.
LIRS EN 19.2 wthlf, EEMERHRFELHN 1.84 W/(m-K).
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Freeze-

casting n Sintering

“~BNNS -

—— Random distribution
—@— Parallel direction
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2 4 6 8 10
BNNS loading (vol%)

Kl 1-14 (a) 3D-BNNS/EP E& MR HI & Fm g Bl (b) %A 195.2 mg/em?® Y] 3D-BNNS
JBEH) SEM I Jr; (o) EEMEIHIHTHRE BNNS & &5 R 10
Figure 1-14 (a) Preparation of 3D-BNNS/EP composites. (b) SEM image of 3D-BNNS aerogel with

density of 195.2 mg/cm?. (¢) Thermal conductivity variations of the composites with BNNS contents!*]

143 FEFM

HRLS RA YRR [ S ST 2 A0 BN 256 #V i 3G B2 . N 1l A
TAEIRE S FEAR B] A FRIHER , AT/ ST ARE, 38 5 B IR AT 21, 4%
TR R T P 1, SRS A AR AR, AR TR 2 S A E R R
BN [PEMVETE 1.2.3 W CEA /R, X E, TATE SHIBEMT h-BN X R EY)
55 G MR B B2

1.4.3.1 HN&E
Tang ZEPPYTH HaSO4 A1 HNO3 TR & FRIA AL EE BNNS, BE/5MAZE| EP F1. 45
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RERYIERE BN 5.05 wi%h, SHGEMIFME, ALK BNNS AR EP &
AMEISIER SR 6.1 wi%l G E FHGE M . Huang S5USE SR &40 A4 77
BNNS-OH, #EMAZIE (N-RAENEH L) (PNIPAM) KE R H, Bk
BNNS/PNIPAM & &KL, HJIEHS BN 0.07 wi%lf, GBS RNET 41%.
Xu PV TR . HNOs. HaSO4 FELEAREFIALEE h-BN, SRJE1E N SR RHA
7t EP, 453 B Rl FREGRIS] Z-6040 (2.4%) AbFE h-BN )3 [ % 5 I RE 1) s
ROR . 4 h-BN &8N 57 vol%itf, E&MEHNFATRELN 10.3 W/(mK). 5IA
3248 h-BN 5 R EWEARZ [R5 7 R A R FT T, IR E L A T 26

8 FH BN 2= ) AE 1 h-BN AT DLE 47 #3891 h-BN 5 AW I ARG &
h-BN 7EREV)HAR T v] DU A7 7 8, 19 2B SRR R Sk = 1 S e Re . 41
Wi KR SO RS B4 B BNNS R TH, A5 FHER S| EP F1, BAIMEAME
FEHERIE BN 50 vol% I ISR AT LLIA ) 9.81 W/(m-K) 11931941, zhi 2522014 58 | —Fh
TR T H SR EE Ak h-BN R H KH550 402, [ )55 ZSH EP R
&, AU SERER S BB EMEL, HEEERN 70 wi%hf, EE&MEHN#EEN
5.24 W/(m-K).

1.43.2 EHMNER

£ h-BN HyZ& A H R 215 — 2 PDA, PDA 45 2RI ] LS
h-BN IS IE K n-n fEF, 1 PDA g5 iiadt . kS5 R AW AMATER
If. Kk, PDA AIPAMEN h-BN 5EREVEAERIEEZ, 80 h-BN 5S-G 544k 0 1)
YEF . [FIlS PDA HARSEIIFFIRE ), HHAE h-BN (R R 4. Xu Z477E h-BN
(R AE E PDA, 0B ENEE KL 4nm (B 1-15) . ¥ h-BN@PDA 5545 h-BN
Iy AIFHAE PVA SRR, TEMFIERIS R T, h-BN@PDA/PVA A MR # G
h-BN/PVA & &M BT R I £ - Kessler ZE1SMif F 2RI 77 % h-BN@PDA/BECy
FAEMEL JIRIIE RN 15 vol%it, EEMEHHAGRLAN 0.5 W/(m-K).

144 E6%

1.4.4.1 5 R~T#00

BB T TN LB+ —FE B ARG B SR RS R R 22, g 1%
A A R JEORE N Z A B BAT K B AR T AR 1 A& 4 B 2L R A i A, iR
ANEe, WY BUERLEX T H e ERLE B S HRIE R, MEREIER R R 21, JHRLA
S TEARA RS 0 SR Re A i, KRS h-BN AHEET/NRSFE) h-BN B BEKR
EAERIIE R . XA KRR h-BN A TR NSRS HIERL, /N
¥ h-BN MR R ST 1) h-BN, A HAG B 2 (b2, flhn. IS A1 h-BN #H
Bl (Mo3um: Meum: Maoum=1: 1: 2) IHF SiR F4E, MBS BN 40 vol %I,
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SAMLRWTTH SEM B A (d) h-BN@PDA/PVA B &GRS h-BN & &5 R
Figure 1-15 (a) Preparation of h-BN@PDA. (b) TEM image of h-BN@PDA. (c) Cross sectional SEM
image of h-BN@PDA/PVA composite film. (d) Thermal conductivity variations of h-BN@PDA/PVA

composite films with h-BN loadings!*’]

HEMEI#FEZ) N 1.482 W/(m-K), 1493 A 50 vol % H— RS BNeum N, B &
MR RGRZR 208 1 W/ (me K)2 SRHE A BRI, L& RFRR/DN, XFEEZLHEN
ARSI S5SARST RSB EAH T HEESMERRTR. R RST 590K RS
h-BN 7] & &1 FH 3 78 1S4 4% 1 3 #4060 h-BN/PT & A 123, 24 h-BN 13 84 30 wt%
KRS 9PKRS=7: 3) i, BEEMEHNRGEERLN 1.2 W/(mK). X R—

30



F1E %k

FITCK RAST / h-BN 3HTE IR R R SRS BRI R . X EERPOARCK RS
K RS IR & 8 F AT DAR =y R O HERU S, SE S R 3 A 2% . Kemaloglu 55
P2UE = OK R AN A g oK RO 1) B BA A R RS AR ) h-BN 378 SiR ok
il % h-BN/SiR B &ML 45 FR W 9K ST h-BN X #4300 208 ROR B flok
FOTHIBIGL, 1RIE 0 20 1RO e R 3 AAERL

1.4.42 UMK FERREVMEE SR

— e, SR AABHA Z  E A AR SRR N R, X Bt A b
S5 45 G J1 51 S < Gl I X% BN (3R T #4781 i) DL /N DR SRS W R4 1 S FARH,
SR, SECRL S5 3E0R)B] ) SR D F 7%« Tiang 2522008 ) o480 4R Co-ALO3) #fEX h-BN
TE RN FRIERL, BRI S e IER 255 fd F T AR 8 0 0 25 52 1) = 4k S 2%, A
BB A 2 SHGER . MarERS RN 26.5 vol%it, EAMRHH
FHEL 0.808 W/(mK). #ilt, Permal %4555 214JE AlLOs 1 h-BN A T2 14
HEMBHIPERE, GRS 8N 30 wi% (ALOs: BNiw=5: 5) B, E&MEHH
SRIEE] 0.57 W/(m-K). FERIEHAE LT BROIRBEE 9B A TEAR IR T EP EA M KT
TR R IR s ORGP, SR, VS RAIRIRAG, X EERFNED AlLOs 5 BNNS
(%S, K AgNPs 7E EP [0 i FE R AT LA Sh fE— 2, MTi4RE: BNNS. AgNPs
UUF BNNS #H1E EP (19 A0k MR & 508 25.1 vol% i), EAMEHI# G R L
N 3.06 W/(mK)P ., 5] N SiC g8 K2k (SiCNW ) F| PVA F ik dr, ] %
BNNS-AgNP/SiCNW-AgNP/PVA & 440025, 7T LGRS E S VTR, 2415 21.7 W/(m-K)
(K 1-16) .

1443 BUH/EMEHERREMEE SR

N T B INEA RS EE SRR FE. BN BKEmM R (855
CND) 1ERIREERHER R AV LALGE S SR SRR, HREGIHESRSGEE &
MR S HGE R 2 AR P RVE T . i 1-17 foR, BEA RIBERIZh 4L i h-BN (f-BN)
55 SIS R 4 K H I Bs R  BA (@-TrG) VENIERHIMN PI &4k, 4 £BN K& &
50 wt% H. g-TrG & 8RN 1w, EEMEIR#FEN 2.11 W/(m'K), £4H[F h-BN
FE NI h-BN/PL £ & BRI A RAE PR XA E A BRE PLE AR 1458 7T LA
WIWHRTE h-BN 5 PLEAA R FRHAL I Z BRIE R 7B ASEKZ. Rk, 49a
WIS 8N 20 wt%, 0 1.5 wt%ff] h-BN 2| PS 5EREE (PA) 3k, LR &
MRH IS R 380 38%F1 34%231, X FELZ K N/b B 1) h-BN HE 724 805 H 2
FIEIRR, TR h-BN/ A st HERI 2544, XA BH A SR INA B PR . Bk
RBMA R 4R R RN AR AR, M 4HEk 5 4Rl A R AE N SERL T,
A ATE 2 A I = ZE M 28 S AR} . Xiao S8BT/ & (1) CNT %] PVDF/h-BN E 4514
KL, #il % PVDF/h-BN/CNT &2 & 41Kl . 24 h-BN FI55 &4 20 wt%-. CNT 15 584 2 wt%
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, HEMEBIMZAEHRTEN 1.3 W(mK). HHE—EEHRRR, #FRHLTEA
@ Ebfn: 24 h-BN &84 20 wt%, PVDF/h-BN 4RI TE N 0.97 W/(m-K);
X CNT BIE =4 2 wi%if, PVDF/CNT E4 M EH#CGTF A 0.28 W/(m'K). XFERZ
79 CNT [FJIMAT] LU PVDF/h-BN/CNT H I ENE B NS0 1 =4E h-BN/CNT K
AN, AT R
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Figure 1-16 (a) Fabrication of BNNS-Ag/SiCNW-Ag/PVA paper. TEM images of BNNS-Ag (b) and
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oe
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SiCNW-Ag (¢). (d) Fracture SEM image of BNNS-Ag/SICNW-Ag/PVA paper. (e¢) Thermal conductivity of
BNNS/PVA and BNNS-Ag/SiICNW-Ag/PVA composites?>”)
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Figure 1-17 (a) Preparation of the fillers (f-BN and g-TrG) and composite films (PI/f-BN-x/g-TrG-1). (b)
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1.5 el @aYEE

DRGSR, TRk 7ML, SRR ZINRL TR, WA E
P AE R A 0 S IECR B SR T 5, LED. CPU S5 & AEIZ AT B A & Bt
75 A DX A P iR B et vy, B AR P 2 E A R A AR T IS AT SR G YRR AT A i
T 7KF 77 18] LA 5 SR (P R B3 S0 0O S0V R R mT DA e v B P 14 1)
N T RIE AR BRAR It N 2845 S B 75 BRI B B S S 3 A T A
BIRIH A& SHE T 2 BRI, SEMAENE R LS. Fik, SEE &M ETEREE
HRMERGRIEFEE, REWHTRER. ST, KEEA, BEVWEEEMERN
RIEE NG R PE TR T E AR . 4820V REAE B0 BV BEAT R A7 AR R, A
IR R AR FRAZ R G I E SRR B2, MERREEYEE &M
BFE TN AT R I R AT DS IS I 25 (A A, MK AR P M3 0 &2 A w4 k1)
WAL SERe . AT IINE A M BHEREE 7 1) S HERE, R B 4R R & A Rk
FREE, 5 FIHURE R AW R A B ) & — PR 1 i

h-BN, {EA—MBEMUYIFEIER, BERAK. ZEiREEHRFES . LAEMERRLE.
MIZIK RBUNEMS, RERESRALZ R VRIS EEAEEER . F502, h-BN
TR B &R R ERHE, & & TH&RE T MmASRRNEEME. Bid Ll Erse
WA HTRIAG S ST A, FER G MR BN R, T H SRR 7 B A m AR R W
h-BN/REMEEMEL, h-BN EREWEMAEF RN F1H05 5 #0E S E &R . h-BN
KRG, BIAENE, B AVEM h-BN 7T LI h-BN 5 R &R0 S H
M, WM, WInE SRS R, ERERSE T, FHREN h-BN
A CASE A S5Ot e SR 5. Rl KB h-BN IR E 54816 77 15 vl A R i ek
SERMEAMERMGER, B2, ATHFRBESHIHTE, FEESWERSE, WK
K L2 HEEASRSREMELEFE, FH BN BETE ARG M. Kk, h-BN
ARIE A T Hl & S SRR AR tEAl, FhiE sk Fen HAER & 8 55U 4
AT, Bk, KEEER . RS 85 0 v 0 H & kM E IR Rk e H. H
Al KT h-BN 7E/KF7 AR ME SR R 2, (&N T EE T H &R TR
h-BN/REWME G R TR o BT, AR Coudt il % h-BN/R G E -SRI i 2%
ik, Hl&H— RV E T M E ISR E h-BN/REE SR, W T HE . EH.
SHERE. JutEtERE. VEHERN S, FRERE TP HES h-BNAR SR AR
WAL SN, BAATE AN EU T

(1) B IRl TR E 1 h-BN@PDA/A 4% (CNC) EA#EL. Jik&: h-BN
152 ELIZ 1) Tris WP ERES, S h-BN [R5 5112100, 152|312 h-BN@PDA. B )5
M h-BN fE A IE RN ID N CNC 4k VR & 39 50, il o8 R e ) 2% 21 5 1
h-BN@PDA/CNC EA#MEL. KA FT-IR. ESLIREIE ('"H NMR). XPS. iEHHLF
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S (TEMD. F#iEF R8T (SEM). REEEHEL X HZ6IE (EDS). #E ST
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SIS, i RO IN ST (LFA) FRAEF ) h-BN@PDA/CNC & &M KIS
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A H A HEAR [ B35 50 40 B0 h-BN/TPU E A . /772 /2&: h-BN 7E TPU [¥] DMF ¥
HERES, 19301 h-BN/TPU B & 7 BORTE LB HLPiiE 3 2] h-BN/TPU IR &), B
JE & AR AL BEERTS h-BN/TPU 5. St 7K . FT-IR. TGA. SEM. EDS Ml T3
fiE h-BN/TPU & & M &5H 5230, LFA T3 871 h-BN/TPU AR FHAVERE, &5
¥ h-BN/TPU E & E A LED T B RE BN H, A0 A 20 4 34 AR A0 5%
h-BN/TPU & & EAE B AU A A4 f i B S IR AR a3 . (=N

(3) & IEHI% T A FHESI h-BN/SEBS B &, KA. FT-IR. TGA.
SEM 834 1E h-BN/SEBS BG4/ 5IES, {H LFA 7-# h-BN/SEBS & & #)
R, RA T R IR R A FHES h-BN/SEBS & & 1) S HWLEE, MR
LFA 113l 12580 25 6 45 BAR T 7 HES] h-BN/SEBS & & b A 1B I e, i
MU BT (TMAD S W 3 e EHAIE LR AE h-BN/SEBS & & 1 26 M #IZIK 5
¥ (CTE) fijy&tEgt. CGEINUZENZ)

(4 &t IEhl e THEREE T M EA SR FER h-BNEP E6ME. 77k NHE-
IR -2, RALEEEMPIE 1 (Raman). EDS. SEM. TGA. XRD ZHf 7
h-BN/EP E &M RHAZEH 55, 8 LEA. WUE /3 BEAHRRRIEHLINR h-BN/EP &2 441
BHE S HPERERT )22 RS . S5 h-BN/EP E &M KL E T FHUINA G AL B R
., AEHLAMARARAGER T h-BN/EP E &M BHE N B R 384k, CGE RN
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228 MEEAELE/ AR AR

2.1 518

bEE DA T MRl . R R Z DR T R RE, B AR I IR HE DL
IE (SRR e DX AR R ) Il B, R 82 110 ey JiR 2 77 B T A % ) AP e A T R A
U1, R, KR Ve Re I #AVE BEM RL DA SE I B % BV IR H L. TR AR
AL BN LRSS, REVMEEGMEBOVRE MME R RE BRI, L5 ER
AEVAFEILT 0.5 W/(m-K), X LA & R A RT3 (1 2R U BL 7 ONT
A BIGA B R B AE R, TN ONT i/ 8845 7] LLE Z s R AR E SR
PG ARI0364233235] AL, CNT 5asGA S, D&M T 72 B 45 % 5e i #ViE 21
ML R, B L5 3 A e 5 A8 GV RE I AL M B SR AINBO-236-239T 0 A1) 512402421
SiCl22-2431 BNI2-22229440 i \ 31| 58-S W) B4k b DA 2B PR S IR BE

h-BN, HFAEAE, BEEERREHHZR, MFEEDS T, A
FERLZ 600 W/(m-K)H, XL EAH1S h-BN SO AE BRI UL IE R, IR,
W2 AE BTt S5l & m AT RN h-BNRG Y E G4 f1146.198.211.245.246] K BN/
REMEEMENN SRR F N Z0HE h-BN ERGWEAE T 1 55§
[43.44.196.198.201. 2142151 U] %439 h-BN 5 h-BN FHifi. h-BN 5 R-&W)EE44 B 1 7 1
REVEREYAE, MNEZEPFEAREZ h-BN 5869 i T8 KR AT o’
FAHAYE R @ h-BN RIEDGH, 2ILFENE, h-BN 5 R -SWEAK B 1) 7 RS S5 50055
FEFAEF AT 5y AR, PP AR E R, FRIK T h-BN/ZREWE SR
S, @ XS h-BN (PR A TIEM AT LLEGE h-BN 5 RSP EAR A A, K h-BN/
REMEEMEH TG, IS h-BN/ R EE A PR S 0 GEN7-2202471 33k 4
A AL YRR AL FE20) K ZE AL BRISISER] DL 5] A ¥R L) h-BN (3R 11, 3% h-BN
FRAPEME, Jk/ h-BN 5 EREYEARAN ) S AR . IR 281 h-BN T4
7E h-BN 3R 2K H “ grafting from” 803 “grafting to” 1177 5| NSRS YK M h-BN,
fi h-BN 5 5 E A4 A] 7= A BTN smFL i S 25 g Uso-19L193.981 R 3 IR 2 Al
I h-BN 2544, 5200 h-BN A& 5 1) 540 58 o AR EAS [F T 34081, 22 7E h-BN
HR TP EEREY), XA SRR AT PLORY h-BN HI45 ik, MM ERTF h-BN )5 #4
PEfE. [N, BT h-BN BRI R EYEE, 07 h-BN 5R SV EER R 5 R
g Bl 2 DRSNS AT h-BN B, SEIRT7 R RIERIR S, 3715 h-BN@PDA,
H— B HAE PVA B4R SHIERL. 24 h-BN 5 &N 30 vol%Hf, h-BN@PDA/PVA & &
MR G R A 8.8 W/(m-K) (FHELT h-BN/PVA B &M B SR T 5 21%) B, %
IR A EH 4% 1 h-BN@PDA 755 BECy A%, %4 h-BN K& EAN 15 vol%H,
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h-BN@PDA/BECy E &MEHIH TR N 0.5 W/(m-K), X Fhia e & 72 4 1
h-BN@PDA /4T h-BN ¥k . fEiX St fEdr, MHMIER S 28K, EERER
TR, HHRER h-BN 7] UIER SRR rh i 2 A 1 2 AN 26 . i, SRR
ESI h-BN N S HUE R S A E S MBS #ERE A (2 EH . £, Morishita 2519
IV R R ES h-BN, 5B SRR B 2] BNNS 3R TH, RIS SRR 121 BNNS.
2 BNNS & 5N 80 wt%if, PMMA E A MBI T HRLH 15 W/(m-K). X250k
ARSI T h-BN IR E 58400, (HA2, SRERMNE G RIAEE 8, HEERRsRERAE R FxE.
R, RBEAEE AU WA SRk 777: LSEEL h-BN (1318 51k il % w5 44
PEREM AR H 2

BREE I — Pl T AU S 1 51, KR iR A T AURE, PTCAR AL
(2482991 47 B AER S 2 — PR AEE I BE s IR G MR R 80 5, e T AU %
RIS o TENURAL 2 BN, BEE WA 2T R, RU7EBREE I FE P i, RAER
G, 1FBIREWEE EMEL EARTIHRES, Hu 205 URIR 0G5 A 8068 )5
kB, EAT BRAERBHL A AT IR RS, K OETREE R PS, [RGB A SR
I, 193] PS/A SR GAEL . 40K SiOo/ R B R R K S A0kl aT LLAE F /& e Bk S vk ) £ 15
B2, LY KA RIR I PE BIR-SWAEAT B ABRE L R AU 2 OB, R4k 3R
238 5 HoRIRITAL PE 1R 5 SRR I 52 I A6 NGB il — Tl (1) A B B A 1253, Lei
LUSHEIRER S h-BN FHRAMEAT 2B IS, h-BN RAEREHIINEE, 5§
F| BNNS-NH:z. ¥ BNNS-NH I AR5 (P = RS 1295 pyARS 20,
& EMAE SRR SGE. hol, & — Sl R SLHL h-BN [R5
(1061081097 PRI b, BREEVERN 2 —MraT BLEISS S8 h-BN PR3 B 5810 1) 20T B .
T PDA X AR MR R, HRA KR T, ERRELFEiE
% PDA 28l h-BN WIS RE LGRS, XEKA h-BN fEKE R 0] DUR AR E

[47,114,195]

o

UbAk, h-BN [ N #C R 8m, MR B 20 £54, J@id #6) h-BN 78
REVEE T HAT 2N h-BN/ R GV E M EHA SR —MO7 . 7T HRk
EH, h-BN ERAW R I P75 F B WABEW Mg AR 221 fR
B S YA B B AP . X S A ] DA AR h-BN 7R R A AR 1
ACEE A A . AT SEPlE h-BN & R S8 h-BN 76 R &3 b i B HES)
A L A s B B A2 i 7 VR0, it Zhu 440K BNNS [ IPA #0540
KM E (NFC) HI/KERIRA R A T B iS5 BNNS/NFC & 44K,
£ BNNS/NFC E &A% KR, —4E BNNS JER S ML, NFC 4 BNNS P/
BNNS [8] () S #BH . i, BNNS/NFC EE 4058 1 HERHATE (35 BNNS 8N
50 wt%F, BNNS/NFC & A 4U# T XN 145.7 W/(m'K)) .
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FEAE Y, A A LA A B I I 7 V5 £ R B 1 h-BN@PDA/CNC B &M KL, ik $%
CNC 1ENEEMILERERE =4 (1) CNC £ E &%, 5 PDA nfLUEHEH,
AR SIORLE 456 5% (2) CNC AR FEIR MR E 2 150 GPa, A M T %S
HEMEH 125 RE: (3) CNC 2—FRAEE M. I, AT AEYI A RIA L,
AHTEREEY, ELth 1 & & A RNHR 22, CNC 1 H O iR T
h-BN@PDA/CNC & &4 B 47 25 A T RE -

2.2 SRIGERSY

221 FER

(1) h-BN, /4% 10-30 um, 20 99.5 %LL E, FFEHERHEAE R A A7,

(2) CNC, =HBHARA R,

(3) HRZ O, T EHZERME R FARA R

(4) = (BWE) FIERLE (Tris) , WT EZEEBLSRAH A 7 ;

(5) #HE (38 wt%/KIFD , W1 E 254 Bk 2l A R A Al

et 1 [ 25 8L B i R IR A wl AR AR o e A atl, I
DA EE T E A

2.2.2 SEINHMAYE&

2.2.2.1 F|EH h-BN@PDA HIH &

# 0.5 g F1EH h-BN ¥y KM 75 mL i Tris 297 (10 mM, pH=8.5) 1, i
PERED NN 200 mg £ T REEEEE R, $EHE 30 min. K5 h-BN/Z2 IR & 20 BRI
A 250 mL [EREEGE, N 260 g FIFSHGEREERR (HAR2A8: 2 mm. 4 mm. 6 mm,
8§ mm. 10 mm) o KMNAHNFEAT EXIRENL A T iR T IELLEKEE 24 h, $53E Y 400 rpm,
PAFIE) 43 BRI R B 0 h-BN@PDA 43 B0 -

2222 FIEH h-BN@PDA/CNC E &+ R VI &

KRB h-BN@PDA 7 8OOSR PN — & T & 1) CNC, 7E =il R IES4 4 24
h, 3231 h-BN@PDA/CNC B & 708Ul - S8 JE, FH i & W R 43 3 85 1)
h-BN@PDA/CNC 73847 H s, 1522 R 5 h-BN@PDA/CNC & &4 KL,
7F 60 °C N E 25 T4 24 h 15 3 T2 H93F 2 1) h-BN@PDA/CNC & &4k} @it %] CNC
R & 1T LA 25 AN [\ h-BN 2 2RI ) h-BN@PDA/CNC E -4+ k.
2223 SHMEMNR

HEROEL A RUT)=a(T)XCuT)xp(T) it H A . Hh, a £ HY B REY(mm?/s),
p AEEE (gem®) , CoEHHY (J(gK)) o I BURBOE oL NS A 15
2, MRS ERE 12.7 mm, EELSN 1 mm, FESIENKET B . %
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N EE=FEARREAS ], HARE S bR T OPARIBUGRTS s AR AR
bR R AT 0 REE A fh B 5 )R T RSRAG . R S 0R N 1 b Al %2
AEERC (DSC) WEARER.

2.2.3 FAE

FT-IR: Thermo Fisher Scientific Nicolet iS10, J#(JEE: 400-4000 cm™, 73#EE N
4cem’, FMIKECN 32 IK;

'H NMR: Bruker AVANCE 400 B! Z 1 3L 4R, MR E A 25 °C, #7125 DMSO-ds,
bR g DY Y B fek e

SEM: Hitachi S-4800, HAi7, HEH LR 5SkV;

SEM: Quanta 400 FEG, FEI, £[H;

EDS: APOLLO 10SDD, 5 SEM (Quanta 250 FEG, FEI, USA) Htf;

TEM: Tecnai G2 F20 S-Twin;

XPS: Escalab 250 XI Jti%4%, 4 Al Ko 485575, 300 Wi

XRD: D8 Advance, Bruker AXS, Cu Ko 38478, TAEHERE 40 kV, TAEHFE
40 mA, ATH ARG 10°-80°, FHEEE /Z 0.02%s.

TGA: TG 209 F1 #r#r%, #fE NETZSCH A @, FHE#EZFE AN 10 °C/ min, <4k
WECAZA, AEIEN 20 mL/s, FHEHEA 10 °C/ min, 35 E X H] 4 % #-800 °C;

LFA: LFA 447, f&[E NETZSCH A #;

DSC: 200 F3, #&[E NETZSCH 2 w];

CLAMABARA: A325sc ZLAMERSAHAL, DAFE % RS2 10 mm (KD x 10 mm (FE)
x02mm (E) .

2.3 HERGUHE

2.3.1 FEH h-BN@PDA/CNC E &M RI8YH &

2-1 Eon T #IES ) h-BN@PDA/CNC & &M BHR il 57~ i B AEBREE s 4T I A2
B B TR 1] (1l i LA B2 AE 2% A PR Bk B R b = 2R 1) s TR 250 h-BN A E R (BT 2-1b)
5k [RImy, BREEGEH 2 CALE Tris 220 586 % PDA JHAL78 IR BT 1) h-BN 3£ 1,
A2 B h-BN@PDA 43 H0H (B 2-1¢) « — & CNC #INAZ] R 5 ) h-BN@PDA
Iy EOR T RS 2] 75 3R B 1 h-BN@PDA/CNC JR &0 B0 (K 2-1d) , &t H 454
Bl I8 J5 T2 BRI BS 1Y) h-BN@PDA/CNC E &M KL (B 2-1e) o fE R BIhIE R fE
TRUEIT 4 B S e i v, BE% h-BN IS B340, h-BN SUTERIERE -, K
#5> CNC ik iy, 1M BRI B h-BN@PDA/CNC E &Mk .

Kl 2-2 7R T #IE 1) h-BN@PDA 4 #U FSEY) Bl RIES ) h-BN@PDA 730K 230
K, S5 EariiE ) h-BN@PDA Wik —5(7, X FEZZ KA PDA 5 h-BN A5
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S m-m AEF, h-BN B NI SRHEEE R 5 8 2 AL 2 HEAT 121 . PDA 1B F2dt 5
RN TR E ) h-BN@PDA ZE/K 1, (535 70 B /K Het , FIE 1 h-BN@PDA 73
AR N e — 5 e R AW DT

PDA

G~ ppDA
, Filtration

-~ CNC [ P

<l - exfoliated h-BN

(d)

2-1 RIE M h-BN@PDA/CNC A M EHHI &R EE: (a) h-BN/Z EEHH0R; (by o RIEMH
h-BN@PDA 43#i; (d) R h-BN@PDA/CNC 280 (e) FE ) h-BN@PDA/CNC & & 41k
Figure 2-1 Preparation of exfoliated h-BN@PDA/CNC composites. (a) h-BN/dopamine solution. (b, c)
Exfoliated h-BN@PDA dispersion. (d) Exfoliated h-BN@PDA/CNC solution. (¢) Exfoliated
h-BN@PDA/CNC composites

2-2 FE5¥ h-BN@PDA 3 U 65 B
Figure 2-2 A photograph of exfoliated h-BN@PDA dispersion
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2-3 R T =R A R B A h-BN@PDA/CNC B &M BHGEE o 24 h-BN
&N 27 wt%ht, HTREMEER S, FEK h-BN@PDA/CNC E&MEELH
S)0HE, BE#E h-BN & E380, FE K h-BN@PDA/CNC & &A1k IR H Bt s 511
VTS, T EAZFFE ) h-BN@PDA B K50 .

B’ 2-3 I h-BN@PDA/CNC & &R e 8 A
Figure 2-3 Photographs of exfoliated h-BN@PDA/CNC composites

2.3.2 #E h-BN@PDA WIS S50

B 2-4 FiR T TE RIS (1) h-BN@PDA FIRWALEE, h-BN ZH B JRT5 N R 752
B A B AR N T 450, v 5 2 OS5 R BUR A o fEH, RN 526
i 4t b v () S 2 LA YA AR AR FR2O0200 (] 2-4a) o 7F h-BN RIHTEEAH EAEH T Z
ELZ 3 FAESIHRE R PH R AL, RAESERIRN (B 2-4b) , JERUN 5, 6-—fFdk
N5 Wik — A5 FE AR P R A EL AR S i 12622641, TR R PDA B 78 7E h-BN R [ (] 2-4¢).

Kl 2-5 JE/R T Z BB '"H NMR, 7 §=8.92, 8.85 AbJEFILi i THHIEIE, 5=8.02
bR LI R TR AR, 7E 6=6.69, 6.67, 6.63, 6.49, 6.47 4b I T I BT TR U4,
5=2.93, 2.91, 2.89, 2.72, 2.70, 2.68 bWV FF {1 i T4 0%

K 2-6 7R 7 F B K h-BN@PDA ] 'TH NMR, 8=7.96 N-N=CH-+' C _E [ 5 T
I, §=7.09 J-NH-[FJfTHFEWE, §=6.54 NZIFMR TR, §=2.90, 2.74, 2.70,
2.68, 2.34 N FLIoH FRTEH BT TR, X SRRV A TE B T PDA 1 Th R

AN
= o
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Kl 2-4 FIEH) h-BN@PDA )& st & E
Figure 2-4 Schematic illustration of the preparation of exfoliated h-BN@PDA
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A O AN DM O M — O NO
o 0 o © O O << O 0N~
© o © © © ©© NENENEN KK
NP | —7 —_ =
b
aHoO 8- NH,
O
e
HO™ ¢
d DMSO
g
b " f
e
| HO
al
) JUUL
90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20
6 (ppm)
K 2-5 Z M TH NMR i &
Figure 2-5 '"H NMR spectrum of dopamine
© o) <~ o<t om %
(o] o w OMNNO| ™
N ~ © aaao o
| | | ~=\—| 1
d ) N
e NH a” tf
VY j_7\
N/ "\ ¢
HO OH HO OH
H,0 DMSO
f
& d §
a b
R i
80 76 72 68 64 60 56 52 48 44 40 36 32 28 24
o (ppm)

4 2-6 PDA /] '"H NMR i ]
Figure 2-6 'H NMR spectrum of PDA
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2-7a-f JE7R T J546 h-BN ¥ K 5 R E ) h-BN@PDA ERMC KA. JRIGH
h-BN ¥y R EHEH, ZRN ST KA 20 pm (B 2-7a) , 30 A RIBDEH R ST 2 S 44
R B IE B, i EiifE, FIE K h-BN@PDA R EHRE, XFERE AL %
7E h-BN [ TH B B AL PDA (K 2-7b) » & 2-7c J&7R 7 R K h-BN@PDA ] TEM
Kl f, fERE ) h-BN@PDA KR ILVE 2 /NRURL, AR ) h-BN@PDA ] SEM A
TEM B f i a] BUWLEE 23 55 1) h-BN (14218 RS T 20 um, h-BN [ 5 RS8N 2
T EREE SRR BIUIERBIER . SHkFEE, nTCURE SR K h-BN@PDA F#8%%
BB, RWRER h-BN@PDA HIEHE RIS h-BN ZEJR/, i #5881
h-BN@PDA F= % TEM B ol UESE (B 2-7d) . MFIE ) h-BN@PDA &% TEM
e e 35 T 935 4 1R AT DAHE HE R BS 1 h-BN (92300130, Rk, #1519 h-BN@PDA [
EHRLIE 14 2. B 2-Te R T JR4E h-BN # K 53R 1) h-BN@PDA 1 EDS K,
Ji 46 h-BN #5 K1 B JET5 N JEFAHRK, DR CJEF R EE R h-BN 14 =1t
R BN 245 . 2t B 5, FIE R h-BN@PDA 1 C JE 15 O J& 7% H B E 18 .
NTH—DUEERE K h-BN@PDA WIA7A7E, AT XPS kit — B RAER &1
h-BN@PDA i ¥R M A5 MG E . B 2-7f R T 4G h-BN K 5 &1
h-BN@PDA [ XPS FAF4E R . Ll igififs, FIEM h-BN@PDA # C 1 O TR & &
B3 0, UESE PDA I B .

Oz F
é- exfoliated h-BN@PDA k———iu—-\.li
£
w
=
2
=
h-BN A l
0.5 1.0 1.5 600 500 400 300 200
Energy-keV Binding energy (eV)

2-7 (a) h-BN ff] SEM A; I h-BN@PDA ] SEM (b). TEM (¢). =if TEM (d) F A
h-BN 535/ h-BN@PDA ] EDS (e) 5 XPS (f) i
Figure 2-7 (a) SEM image of h-BN. SEM (b), TEM (c, d) images of exfoliated h-BN@PDA. EDS (e) and
XPS (f) curves of h-BN and exfoliated h-BN@PDA
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2-8 7~ 1 h-BN 5| B[] h-BN@PDA [1J C1s F#E . 78 J 45 h-BN ¥y K 71 284.6
eV. 2859 eV. 288.6 eV 4 [JIE 57T C-N. C-OH 5 0-C=0, XFERHTEAM™
h-BN iR 5] N2 B SR . 20t PDA Bif )5, XEIEKIRTEAE, (B C-OH 5
C-N UETHIAR LU B B3, JF HLAE 284 eV LI T — N80, 3T C-C, iESZ PDA 1
R B o

h-BN@PDA

285.9 eV s
Cc-O be
(C-OH) A (C-N)
284 eV
288.6 eV /(C-C)

(0-c=0)\

h-BN 284.6 eV

- (C-N)

285.9 eV
(C-OH)

294 292 ' ' '

290 288 286 284 282 280

Binding Energy (eV)
K 2-8 (a) h-BN 53IE 1 h-BN@PDA [f] Cls Kil
Figure 2-8 Cls spectrums of h-BN and exfoliated h-BN@PDA

2.3.3 FEH h-BN@PDA/CNC E&M RIS 54D

2.3.3.1 FT-IR &34k

2-9 7”7 7 h-BN. CNC. FIE ) h-BN@PDA. FI& K h-BN@PDA/CNC B &44
EHY FT-IR BlH% . JR46 h-BN By R ZLAMRHIEUEN: T 1370 em™, S RIE G, 220G HER
1374 em™, X EZERFNFEIREIIA T h-BN 5 ERPEHIAR R, A3 IL500E R
55, 7ERIEH) h-BN@PDA ¥ K H K 3630 cm™ FFAEIE T T #2348 R 50 0%, 3423 cm’!
FF-NH- 4R ahg, 76X B%AE HP-NH, FRHENE, IFsEE2 BRI R A PDA.
CNC 7F 3360 cm™ Ab LRI g, S5 B -BN@PDA E& )5, ZEREARK, B3
3340 cm™, X EELR[F A h-BN 5 CNC [k A S8 EH -
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h-BN

exfoliated h-BN@PDA

CNC

3360

3340 1374

3500 3000 2500 2000 1500 1000

-1
Wavenumber (cm )
] 2-9 h-BN. CNC. IE K h-BN@PDA. FIZE M h-BN@PDA/CNC &4 #8HT) FT-IR Kl
Figure 2-9 FT-IR spectrums of h-BN, CNC, exfoliated h-BN@PDA and exfoliated h-BN@PDA/CNC

composite

2.3.3.2 TGA &3#h
2-10 J&7n 7 #E K h-BN@PDA/CNC E 5 MK TGA #h4k, MR AF A2,

I 5 700 °C BB 1) h-BN@PDA/CNC & A #8HFI5% 4% 25 55 8 0] DUE 5 h-BN (15
& 4 R KRR h-BN@PDA/CNC B &M B h-BN & 27071 /2 : 14 wt%- 27 wt%-
40 Wt%- 75 wWt%-. 86 wt% M 94 wt%. CNC FIHIUE D FIEE LN 270 °C, IIARIE Y
h-BN@PDA J&, F|E h-BN@PDA/CNC & &+ EHORIUE 7 i 2078 230 °C, 1XFE
FERORIRL AR T CNC AR S EH - (HJ2, A& &1 h-BN G5 T
| B ) h-BN@PDA/CNC H & M Bl v T #4025 19 4 2, AT o 35 3 55 1)
h-BN@PDA/CNC & &4 EHP) S RE .

2.3.3.3 SEM 9tk

K 2-1la-k E7R T #EH h-BN@PDA/CNC H&H AW E SEM K. FIE
h-BN@PDA/CNC & &4 B ) h-BN 2IUKFERIHES] . 4 h-BN & EET 40 wit%
i), FESH) h-BN@PDA fE CNC FEET 4 BRE, WA KAERRISR . XEZERZKEA
PDA &1fi h-BN &, 5I\ T F & ME R, 5 CNC B[R 45 & 420, 213 T h-BN
TERAVHEAMF I HPT . 24 h-BN 15 EIE 75 wt% L B, S5 1) h-BN@PDA/CNC
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=
=]

e
=

h-BN

Residual Weight (wt%)

40 —"-Brarpa
94 wt% h-BN@PD
4=——86 wt% h-BN@PDA/C
20475 "t% h-BN@PDA/CNC
w40 wt% h-BN@PDA/CNC
1—27 wt% h-BN@PDA/CNC
() 4= 14 W% h-BN@PDA/CNC

100 200 300 400 500 600 700 800
Temperature (°C)

& 2-10 F K] h-BN@PDA/CNC E &4 KHE TGA #h£;
Figure 2-10 TGA curves of exfoliated h-BN@PDA/CNC composites

HEMEHBI ST “reskokye” 1982050, Hor, h-BN A 7 AT “H%
K7, e B KCEE A HES) B2 R S50, 7E h-BN (192 F] B ) CNC 28811
“IKIE” , Khigk h-BN F)Z. XFE h-BN S 21, SERAHR . BRI 45
T 1 #IE ) h-BN@PDA/CNC B & MPRHERFE 7 I I H () SR Bl 2-11h BoR
7 h-BN &8 94 wt%it, #E A h-BN@PDA/CNC &M RO $H) SEM K. M
BT LR BI7E h-BN R IAAE B B R 2 458, RIMER h-BN 2R S
YkE EL IR AE FH

2-11i J&7n 7 #E K h-BN@PDA/CNC &AM B BO RS Wi TE 30, #IE5
h-BN (iR 4T BRI, FH h-BN AEBREE SR b R AR5 080, HR 25 35
ff) h-BN (¥ F %G KRB S8, HAE h-BN B 2RI RV 2/ NERL, X 2/ NGk
JEHH PDA MIEMGIRE R B 2-115 @R 7 — AN KIARHT G500 58 51 R RIES Y h-BN
HZ. 4 h-BN FEdEw#E, UETRASN. Y HIEEN (B 2-11k F15E5
A IED o MW 2-11i-k HOWZER PRI BT h-BN BITESHIESE T 546 h-BN Ky AR i
D& i 2 5 /D32 h-BN.

K 2-111 JEor T BUA S5/ 0 B 1) h-BN@PDA/CNC K A AR S5 Pt BE I 521
IRIE R B ) h-BN@PDA/CNC -5+ R Wi SEM & HOUL 8L 21 h-BN [ H A 75, X
AT 904X 3 T B 7 [ B Al 117 0°AR R ZKF 77 a1 B A, h-BN 75 28G9 B4 A 1 757 £ 1
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92 & DR BRI AR E SRR

GuirEE R A E T EFRR.  “P” A h-BN 776028 0°B %0 5 s i
BoE, SRERKRAH 67%1 h-BN KA fR 00, KR H h-BN 7ER B
h-BN@PDA/CNC & & 44 kb 2 3L /K-FH 51

500 nm
'

J h-BN(=09), Ratio P=0.67 =

10~20
Azimuthal angle (degree)

2-11 FIEH h-BN@PDA/CNC £ A #RHFIWTH SEM K, h-BN & E258 (a) 14 wt%. (b)
27 wt%- (c) 40 wt%- (d) 75 wt%- (e) 86 wt%. (£) 94 wt%; (g-k) JBUKMEH SEM &; (1) h-BN
M EEGE T AT BT
Figure 2-11 Cross-section SEM images of composites with h-BN contents of (a) 14 wt%, (b) 27 wt%, (c)
40 wt%, (d) 75 wt%, (e) 86 wt%, and (f) 94 wt%. (g-k) Magnified SEM images of composites. (1) Angle

distribution of h-BN against in-plane direction

2.3.3.3 XRD 4%
K 2-12 7~ T h-BN. #IE ) h-BN@PDA #) K [f] XRD Hi£k. MK A] D2 3| )5
f h-BN ¥y R EAWEMI (002) 5 (1000 #7550, FIE 1) h-BN@PDA #1# (002) 5
(004) TSI )R EH RGN, F 22 FNFE K h-BN@PDA fEIHI A J7 A — & 72
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FE A U7, T A6 h-BN [ XRD #fiZeH () (1000 (101D (110D ATHFIELER]
B h-BN@PDA HiH2k, #—PUFsERIE Y h-BN@PDA KA T HUA . Bhak, FEH
h-BN@PDA 1 (002) FTHHI&H)Em 5 (0.453) MIELT h-BN [{2Em % (0.376) BG4
hn, Ed Scherrer A3 (2-1) , #5153 h-BN B d b R ~F28 /N, KA h-BN 7EER i
R A T RIS .
D=ki(Bcos6)’! 2-D

A

D gm AL RS /mm;

k Scherrer ¥ #(;

A —— X B K /nm;

B RS2 1 96 /rad s
O —ATHHfA
~~ |~ FWHM=0.453
=
< L
e’
>} .
o exfoliated h-BN@PDA
N J L A
= (002)
-E  +FWHM=0.376
—
(100)(101)(102)(004) (104)(110)
10 20 30 40 50 60 70 80
2 Theta (degree)
P4 2-12 h-BN FIE] 1) h-BN@PDA ] XRD il 4%
Figure 2-12 XRD curves of h-BN and exfoliated h-BN@PDA
23.4 SRR

2341 ERMEEDR
HT CNC A& mE, ASERMHETESREEMES, 2805 W/ (mK), f
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MR AE SRR FE, B 2-13 R TREK h-BN@PDA/CNC &5 H1EH
MM GEE h-BN SEIKR, FEK h-BN@PDA/CNC & &M EHHIEE KL 50

45 R RRR B h-BN@PDA/CNC & &M B # T 28 [ 45 h-BN 2 5 0 14 I 3G b,
é. h-BN &8N 14 wt%. 21 wt%. 27 wt%-. 40 wt%-. 75 wt%- 86 wt%Al 94 wt%H,
FIE ") h-BN@PDA/CNC EEMEHHRFZE T HH 7.7 W/(mK). 7.9 W/(m'K). 9.8
W/(m-K). 15 W/(m-K). 27 W/(m-K). 37 W/(m-K). 40 W/(m-K). Hr, 24 h-BN &
BN 14-21 wt%lt, FE K h-BN@PDA/CNC & A #1RH VG 5 G 2 508, EE%
RUNTEE A AR b S G K420 24 h-BN (& 8488 NE] 21 wt% 5 27 wt%h,
EMER SR E (14.8 53] 18.6 141D , 24 h-BN & =it 27 wt%ﬁﬂ“,
FIFE K] h-BN@PDA/CNC & &M BV S 2 a5 T 263 i, RRIE 1)
h-BN@PDA/CNC & &M EHU BB RBIELE 21-27 wt%Z 18] SN 1 uE S22 MR B 1
h-BN@PDA X CNC A& 1 FAVERECGE LS, FATE N R £ T h-BN &
N 21 wt% 5 40 wt%[#) h-BN/CNC E& 44k, FREMIE 24 A 7 h-BN/CNC E&
MR G R, R ER, 4 h-BN SRR 21 wt%5 40 wt%Hhf, h-BN/CNC E &4k
R GEENH N 45 W(mK)E 6 W(mK), WEMTMHE h-BN SE FHER
h-BN@PDA/CNC E A MR # G &

45
_M { - & cxfoliated h-BN@PDA/CNC composites g
' L4

= = h-BN/CNC composites ¥

2 35- ’

¢
PO ’
4

~—d

Z 25- . :

b4 ’

> o

- < 2t

E

© 154 ¥

@) -,

g .' "' i I

A

H L v L v L v

15 35 55 75 95

h-BN Contents (wt%)

K 2-13 FE K h-BN@PDA/CNC 5 h-BN/CNC E &M EHOH A SR 5 h-BN S RIIK R
Figure 2-13 In-plane thermal conductivity variations of exfoliated h-BN@PDA/CNC and h-BN/CNC

composites with h-BN contents
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Kl 2-14 7R T R B h-BN@PDA/CNC & &M B TH /M F 2 5 h-BN 2K R
B h-BN HI& B0, #E K h-BN@PDA/CNC & &+ BHA T /NS A S0, 24
h-BN & ST 40 wt%Ff, FIB h-BN@PDA/CNC & &R #C S R/, i
2 h-BN & & 5T 40 wt%lf, R h-BN@PDA/CNC & &1 RH PG R T
2 h-BN &8N 94 wtlt), #E R h-BN@PDA/CNC & &R MG R LA 4.8
W/(mK).

M ]
".‘E - o-exfoliated h-BN@PDA/CNC composites P ¢
= 4- e ’

b 4 /il

o= ’

1 ’
’

S ,

= 1 <

E 1 i -------- *I

g L

h 0 L) & v b L} M ) v )

15 35 S5 75 95

h-BN Contents (wt%)

Kl 2-14 FIE K h-BN@PDA/CNC & &M BT /MATE 5 h-BN S EF LR
Figure 2-14 The out-of-plane thermal conductivity variations of exfoliated h-BN@PDA/CNC composites

with h-BN contents

NTERZE CNC IS R E 1 h-BN@PDA & &M RS R 152, FATIER T 31
B h-BN@PDA E4 ML (h-BN &N 97 wit%) LA &R CNC 515 21
] h-BN@PDA/CNC E&#EL (h-BN FIE 2N 94 wt%) AP HRE (K 2-15) .
2R AR B h-BN@PDA E &M KL # 251 h-BN@PDA/CNC E &M BHN W BUR
#5308 26.9 mm?/s 5 29.3 mm%/s, A D& CNC A H) T 23 #1251 h-BN@PDA
HEMRLE) S #t e
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35

s'l)

30" @
1 exfoliated h-BN@PDA/CNC @
25- exfoliated h-BN@PDA

2

Thermal Diffusivity (mm
%

0 —
93 9% 95 96 97 98

h-BN Contents (wt%)

K] 2-15 FEH h-BN@PDA 5131 h-BN@PDA/CNC EA MRS B R %L
Figure 2-15 Thermal diffusivities of exfoliated h-BN@PDA and exfoliated h-BN@PDA/CNC composites

F 2-1 245 7B h-BN/EEEME ARG R 5615 777, IR nT DLYER
FISR A B IR I 7 45 1 h-BN/R G E A PR # T 23500 5 TiEd e oy
2 h-BN/R G E AL, 2% BN B2l Bhdd g vk 51k 1) = 7734 78 i T
5 2 ) h-BN KA KFJ7 [\ ) HR], 4335000 56 36 i HUm 4544 . 7= 1) h-BN 2 &I,
A PASEIL h-BN 7E RS YA R LA . CAIRIER h-BN/ESWE SR G %
IWALT 20 W/(m-K), ASAeii 2 Joidt i 73 4 0 B s VS R SR . 4l BNNS 4R 74
FH 29 58 W/(m'K), {Hi240 BNNS 4N1) /1 ERe 2, Aeedd, £2 5. [ BNNS
HI CNF, 24 BNNS 884 70 wt%[, CNF/BNNS & &M R SA AT DL gl fildr &,
FLHERE LA 66 MPal!Tl, [Htt, & &BEMA4ERAEFT h-BNEEWE A MK S
PHERERI )= ERE I s . AT, TATIERE ONC 1E MR 1) h-BN@PDA 154K, H
T R B 1) h-BN@PDA £ CNC AR 1 R0 85 B oA g, 8 m
h-BN@PDA/CNC E &M EHAM G KA T AT h-BN HARAWE SR GE
FE, 2 h-BN SN 86 wt%, FIE ) h-BN@PDA/CNC & & F MR AT LA

2342 SARMIBIRT

2-16 J&7n T BEE = 1) h-BN@PDA F = W3E N, B h-BN@PDA/CNC £ 4
R HEAR R 2 B, R ) h-BN@PDA/CNC & ARG S 3 LE AT DU 5 #4068
IR . MBI TP IRA T R () h-BN@PDA 7E CNC He Ak o & LK P B HE1,
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R 2-1 WA h-BNAR SR SR 3 R S R T 2%

Table 2-1 Thermal conductivity and orientation methods of typical h-BN-filled composites

B h-BN [ & IR/ (W/(mK)) ) 7572 S R
h-BN/PVA 10 vol% 5.4 AR [47]
h-BN/PVB 50 vol% 10.7 AEYS: [208]
h-BN/PVA 50 vol% 13.5 AR [208]
h-BN/NR 30 vol% 2 By ) [201]
h-BN/SiR 30 vol% 5.5 SN [201]
h-BN/PP 40 vol% 2.1 VEEE [209]
h-BN/SiR 9.14 vol% 0.6 Tt 37 B [7) [214]
h-BN/EP 20 vol% 4.7 T 37 B L [7) [212]
h-BN/PVA 6 Wt% 6.9 BB e [198]
h-BN ZIR¥ 100 wt% 20 BB e [267]
h-BN/CNF 70 wt% 30 HAHBHE [217]
BNNS 4% 100 wt% 58 A BhHhyE [216]
h-BN@PDA/CNC 94 wt% 40 WKL IR ¥

MR h-BN@PDA [ & R EERT, I h-BN@PDA 2 A8 CNC BARRRE, 5
A e, DR, ARAVIERERS EA R DUE S HVE. BEERIE ) h-BN@PDA & &
Whn, FIEH h-BN@PDA FJZIANFBE RGN, B8 R A fil, JFaRTE i i . i —
HHINFE Y h-BN@PDA &8, FB M h-BN@PDA/CNC 8 &8 BHE B —F 2 IR HE
FIR . BB RIGEH, M@ L S AN . e, 5 FERIEH h-BN@PDA
F 2 AR RE, FIE A h-BN@PDA/CNC E &M B S 3 GERE R iF. BT 2 2
21 h-BN, AT E h-BN # K, EH{K h-BN & & T, FIEH h-BN@PDA/CNC &
AR U BCE 2 1 S 3 4, HH) T RIESH h-BN@PDA/CNC & A MR 5 #v it e
. Bbah, M PDA XT3RS R h-BN #4721 AT LAKGE R B0 h-BN 5 CNC [A]f
254671, HNRIEE) h-BN 5 CNC B S FAEE, 2 % #1251 h-BN@PDA/CNC
HEMEH SRR

PDA JUT- 0] LK B BT B HLENLEEE b, MR+ 2. (52, 2 B
WAFAE— LB, R T =AW (D BRAMZ BRI E R IR,
PR AN TUAG, BT R e d @ ) B2 A IR PDA JiAR)ZE, FRAK T A 2 A 2%
HEHAEMENEAYE: () ZEEARATRES 5P/ RER, B
PDA 7 FARFEIM BIERE, Wi/ TREMES 5 FIRER IS E TR, XLk
TE{fi75 PDA TEAE DAAEIES) — B0 VA 7 iR 450, 75 TIEfR il B R AR I 2 U
FHHEAABEIG I (3) T PDA B HGREIEE )1, PTLLSE 4607 h-BN, {H2 PDA
BERELZ, 20 h-BN B RS AVE, ERAEAEERERRARZ S T
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UF, FEAAHEE N, w7 2EEMEH AT R, Bk, &1&/K PDA WEEENEEM
RH IR ARG A

s iy
%ﬁ % =
() (b)

(c)
~— CNC

= exfoliated h—BNg_PDA

Kl 2-16 Fifi & 1251 h-BN@PDA [ & &350, #2511 h-BN@PDA/CNC 5 &4 kR A 45 bR = K«
(a) RE [ h-BN@PDA J1JZ[AI# CNC ZEARRE I (b) RIEK) h-BN@PDA J1 J= A 746 K A H s
(c) FIE M h-BN@PDA JH B S 5 A 25
Figure 2-16 Schematic models of exfoliated h-BN@PDA/CNC composites with the increase addition of

increasing h-BN contents

filler contents. (a) Exfoliated h-BN@PDA dispersed in CNC at intervals. (b) Exfoliated h-BN@PDA began

to overlap. (c¢) The thermally conductive paths were completed

235 NEMEMAR

Kl 2-17 F&7~ 7 h-BN B &4 86 wt%Hh], XIESf¥] h-BN@PDA/CNC & & EHEZS ith
XTI HOCEE . BFE R h-BN@PDA/CNC E-& MBS i —E /A, FEm
h-BN@PDA/CNC E &M BRI , WA HIUEMEYR, KRBT h-BN@PDA/CNC
SEMELEA R R .

Kl 2-17 FE R h-BN@PDA/CNC & AR ih & Hr
Figure 2-17 A photograph of exfoliated h-BN@PDA/CNC composite when folded
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2.3.6 RIFEHL

2-18 JE/ T HE K h-BN@PDA/CNC & &M B AMAEUEE o v T ARIELK
BRI, FIES T h-BN@PDA/CNC & &M R BY BAH R FESIR KN, DR 735 & 21
[ —A LED 4T _ERIRE —AMr B, 508 30 min DURIE S SRR B RS T 1
Bo 4 h-BN HIEEN 14 wt%. 40 wt%. 75 wt%. 94 wt%M}, FIE#) h-BN@PDA/CNC
HEMEHIFRSIRE 279 48.6 °C. 48 °C. 47 °C. 44.5°C, FH4 h-BN [f)& &1
I, RE K h-BN@PDA/CNC HE &M B EEUR B, 3= 222 PR O AH B 1 35 1)
h-BN@PDA/CNC E A MRS R E 5, AJHHRE /5.

47.0°C

14% hBN 40 wt% hBN 7Swt% hBN 94 wt% hBN

K 2-18 F 5 ) h-BN@PDA/CNC & &4 BHE 2 4l 45 &
Figure 2-18 Infrared thermal images of exfoliated h-BN@PDA/CNC composites

24 RE/Ng

AR FAL IR EEL I h-BN 1) — 25 51810, TERRIE K h-BN@PDA, iXMJ5%
WAL EA ERERTEL. FESH h-BN MEHUK T 20 2, PDA FIHEEEZA 3 wit%.
I HIRE ) h-BN@PDA 5 CNC BRG], 7T LA 250 h-BN & & 1R 5 1)
h-BN@PDA/CNC E &k, $l& KRS K h-BN@PDA/CNC E& MBS HREE
h-BN & & 0TI 00, 24 h-BN (&8N 94 wt%ht, FIE 1 h-BN@PDA/CNC H &
PHEHB G R 208 40 W/(m-K). 24 h-BN & &4 86 wt%i, FIE ) h-BN@PDA/CNC
HEMEIRAT LI #h . B F B h-BN@PDA/CNC H &+ RN H T LED 4T Hidh, #*
DL TS B RE . IXFh R B S8 4 R RIERIG VA TGRSR 5 R A
PRI AT AR T SR X T % i 1tk B FAVE B4 LG RO A M
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FIE AU/ REEEEEE

3.1 5l8

ETEHRER h-BN §il# 26 MBI ERACE RS & T SR 2 5 PO i
i, XNE h-BN/REEWME EMEIRRRMERARE, HEMHAE. T2, HE AL #H
SEEMBLLEEEIE, WTH&EERSENESMEEALHE. 11 20 h-BN KT
#4360 W/(m'K), TM##E h-BN B E#F 28 390 W/(m-K)26#52701, 5t [E|F, £ h-BN
RS [ A 1 — LBk Fa, X T A RIS & T E S BN LG U R R 0L
ARRF. T, FRATEISEE h-BN WA/ SR AR HI %I & T LU R A

o1 A B R IR P R A AT 2 R R A R BT filds BERR. LED SEfEIg T e
ARERHRED, X EA RN B, JES MR B FECE R T X
WL, NS 7% & IR nISEME SR & a2, Rk, R B A
BEREL, REHEAATHL: (D RETNMEEEN AN () ERIIFES T
ViR R T/E; (3 BAARESMEAMRTER., DUERREER &I &R R
I PRI RE A AL A I FA R Rl T SRR R CNT B il s R S 2 fE2 o, i
HAE = T G SR EAA R K B A E1-233 2350 AU N D 2 220 B CNT,
FE PRI T R R AT LA B OK (1) B3 (233-2534278] SR, IR AN W] b 2 H R &2
AR, AE R TR S R R PR 1 W% . BIH AN L, A% E SRR D
WeikiE, RRMFHLEESEMAFREMLT 5 W(m-K), RS E SR 5 E
SRMFROCBL, Wk, kKESSH. THHALGHNE ST E R EE,

R, W2 TN EM R I AN ALOSRO241 BNIOL267 iy - HUA B 1)
IR BAZNE RPN RI R G EA T H T B E e R s dERe. 8%, AT
WINREMEEEMENASEFTEFHRENEEERSE GEF ST 50 wt%)
[198.279.2801 51| 411 AIN 5 54 74 vol% i, 13 21 EP & &R #AF 2 5 8.2 W/(m-K)128,
SR, TER A AR ORL & 8t i 24 1% 2 S M B RE . £ — MR IER S &
T, HAEMERIE TSRPS0 fihn: Koratkar FP8RIE A SBIGIHAHNK T
HEMEHEGUKIERS 84 0.120.002 wi%ltf, AHEL T4 EP, 7K EEH 31%. 2810,
IR A G R R G AR Y BOE S FHGERE, & HESME#H G
ARACIA02831 R, FE S A DRE b S B i A 5 28 [ I ORARE S o — MR Bk K

h-BN, HTm#EE, IRFE. 508, @M TR EPERE I T A S (13
FR4H4p 2071, 4fiff) BNNS 48 B m 3G, 0. Lin 221930 BNNS-OH VA1 #i %
4i BNNS 4%, BNNS 4811 N #CFEHK N 51.1 W/(m-K), ZidiBkE¥#K)5, BNNS 4001
MR 14%. {HiE, 1B K BNNS 402 NIMER, EEGN, A& T Hmkk

57



https://www.reguanli.com
FAL Tk i 3

HECH SRR B, B “UR” SRR, ARENTRE T 2R “A
U5 M-SR R, 4k REDRHE IR S R A b 2 30 v B2 7K~ B v
A, RUALTWIRER “Aek” , TERAMIEN “Vedk” Rhidh 4k R pH281, @,
ERXNE BT, ERPEETEST 90 wt%e, 5K RIS “ i k-/KiE”
ERREAM BRIV AR T 0 1= R O . SULFER, mER S R SRS E
M T HEEHE RGP IRE KT Mg AW L, 3G -SRI g 25600, )
U1: Wong &8I 4825 “ A& 1557 1 BNNS/PVA H &, &1l BNNS 1 PVA [#)3E
H R A T BB HIETS 2] BNNS/PVA 61, BrZE7JEH 4135 BNNS/PVA
FE M. BNNS 1E PVA Feidr £ KFJ7 B HAG, KEER PVA 7> 1-ilid 5 BNNS
F M BRI R A S B F TR EE BNNS. HIT BNNS 7E PVA 44 rb () v B B ) &5
TR P E RS &, BNNS/PVA A EIRILH A FE. 2 BNNS HI&EN
94 wt%Mh, BNNS/PVA HEEMEHNIFZELR 6.9 W/(m-K), FHRILHML K75
i, BAHERE LN 125.2 MPa, )1 2.37 MI/m?.

TR — AR B B R Bk, ARG FH 150 BT B RE ik . it
PERRRESE . il, BRES I AREAOR IS — Fh A 2 BT B2 288 R, AT P R
PR AR LIRS 8 B — 07, N 13RS E T3, B S R A &,
T AE R N A ) T2 Bl i 2 3 il B gk 210 (B R e R R AW 5 1
PR, h-BN (& RA IR, HimpEd fRAE R Fen . dhah, RAHIEEREM T
i, h-BN [HUAI -2 Z B5gm . Rk, 8 7 3RMHERNS &5 BUm AR a2 1) h-BN/
REMEEMEL, KIEFF . W, a0 I A R

A, FATHE h-BN 7E TPU [ DMF ¥ HERES, £33 h-BN/TPU 4380, 1E 4
BE R ILYTUE J5 3RS h-BN/TPU 23t [EI4A . #2545, AV A #UE 55 S B H R Hi % 1
h-BN/TPU & & . h-BN/TPU & & ) h-BN 2 /KPR HES), 8l 7E h-BN 2
(A ) 2 BRI 78/ B s AR R, BRATPT DS B E G, A TR BIX M, 4%
R EVRE MR T B ER S BT 40 wt%. H1T3RAT h-BN/TPU & & JE b [ 34
BHEER G, EERMN SRRSO SEE, F Y h-BN FI& &5 80 wi%ht, 55
REAT AR FEIN AR TRk o BeAh, SRR B AT LLN T 64 (MoSa) 25, {81
BAT T8, A A& S VA H) H 74 2% P R

3.2 SCEGERSY

3.2.1 B#
(1) h-BN, F#AN10-30 pm, 42 99.5%LL I, FFARHBERE A IR A7 L=
(2) TPU, K57 1180A10, BASF 7=, fffH;
He ezl T B AR ARG IR A R, Braess=lf e o al, WA MEn
Wb, EEEA.
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3.2.2 SLISHERAYHI R

3.2.2.1 h-BN/TPU E A BERYHI &

LAY h-BN F 8 40 wt%H) h-BN/TPU & & I & A2 W R B, 10 g FU&
[*) TPU MAZ] 40 g Y] DMF H1, 7E 80 °C Fit$: 4 h /53] TPU &2 A4 20 wt% MK -
B, MZEWBTINN 6.67 g T h-BN By A, R 21 /5155 h-BN & 28 95 wt%
() h-BN/TPU V&40 B0 B BOREIN 250 mL FUERBEFEF, TN 260 g (I HEER B
Pk (EAAE 4mm. 6 mm. 8§ mm Al 10 mm) , 7E4T 2 ZNEREEN 1 =I5 T ELLERES 24 h,
N 400 tpm. FREBERIEIZATIEREH X h-BN P2AEBT V) )RR 46 77, 90 h-BN 78
TPU o0 Bk, MR BVR A3 51 h-BN/TPU 380 BE 5 K2 o B BN K
B OB, S0 ILPTE DL AGE B 4> B AR I 20580 h-BN/TPU BRIR G 5, R
TR F 50 °C NFE, HBENEA FRARER, 53T h-BN/TPU ARG .
AP ENL A 0.2 mm ER A /R yE A, £ 150 °C KT . 10 MPa K /1R
#JE h-BN/TPU [ERIR G, 1592)EEKZ174 0.2 mm 1) h-BN/TPU E-& .

h-BN/TPU & & R 4l & A2 B 3-1a Az, #1471 BERBE R 5 AR
W, FEMAEREE fS, IRAH S ELR L, 5EIFE R h-BN/TPU RG 7 HOR, x5
BORE = T, MEIRAHEIRE, RIS B amRet. XF -5 R G IR
Rt € S TCA R T 0 &35 510 A B PE B B X R h-BN/TPU S5 T5 . 78 2
VI SEE 7 % DMF BI85, 753) h-BN/TPU (L BEFEA, 0JE 515 3R R 55
BLT h-BN/TPU & & I i i 4% h-BN [N &, A1 4 AN [ h-BN 7 & 1) h-BN/TPU
AT

3.2.2.2 S MgENI
SHPERERTINR A VEER, 2.2.2.3 5,

3.2.3 FIiE

FT-IR: Thermo Fisher Scientific Nicolet iS10, JHiA, JWEEHE: 400-4000 cm™,
SR 8 e, HFEIRECH 32 IK;

SEM: Hitachi S-4800, Hi7, Hii#H & 5kV;

SEM: Quanta 400 FEG, FEI, [H;

EDS: APOLLO 10SDD, 5 SEM (Quanta 250 FEG, FEI, USA) Htf;

TGA: TG 209 F1 #r#r%, #fE NETZSCH A @, FHE#EZF AN 10 °C/ min, <4k
AECNZ A, RARTEN 20 mL/s, 5 IX A A %= 3H-800 °C;

DSC: 200 F3, #&[E NETZSCH 2 w];

LFA: LFA 447, f&[E NETZSCH A #];

LLANAEARAN . A325sc LD AN AL .
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3.3 HER5THL

3.3.1 h-BN/TPU £ & &%

E-(a) ’““:’-’/

: K il

i ,é“g#’ hy + —
LT -

TPU

hBN/TPU dispersion
Precipitationl :

Hot pressing }/‘\K

hBN/TPU mixture.

3-1 (a) h-BN/TPU HE & EMHI & Fs &l (b) ARBERFES BTN OMNERIHEIRIKCY 0 wi%. 40
wit%- 60 wt%- 80 wt%- 95 wt%) ] h-BN/TPU E&EFDE2E fr: (¢) h-BN HIE R 80 wt%h,
h-BN/TPU E ARG K e (D 1% G Zilli, Gi) E4i: h-BN BI85 84 80 wt%ltf, h-BN/TPU
SEBEPRM (d) MW (e) SEMKE; £ (a) EF A2 1 em
Figure 3-1 (a) Fabrication of h-BN/TPU composite films. (b) Photographs of h-BN/TPU composites with
different h-BN contents (from left to right: 0 wt%, 40 wt%, 60 wt%, 80 wt%, and 95 wt%). (c) Photographs
of flexible 80 wt% h-BN/TPU composite film when twisted (i), folded (i7), and squeezed (iif). Typical
surface morphology (d) and cross-sectional morphology (e) of 80 wt% h-BN/TPU composite film. Scale

barin (a)is 1 cm
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K 3-1b 7R 7 20 h-BN & (0-95 wt%) ] h-BN/TPU E & . 4l TPU fi%E T,
N0 40 wt%H) h-BN | TPU #4A 7 /5, h-BN/TPU EA £ A . h-BN/TPU & & i
HAH A, wE 3-1c fax, B# h-BN (5 2123 80 wt%, h-BN/TPU & & &N
AT DV . Bl AR, H h-BN/TPU & & BATESE A KA B RBIR . X PRt
(1) h-BN/TPU 52 & AT DL N Tk 22 P R AR ST DL & 52 b S F 23K o B 3-1d J@oR 1
h-BN & &4 80 wt%[] h-BN/TPU B & KK [ SEM K, MBI AT DL 21| 5 5 I3 [
1] h-BN F 205G S sl 77 a8 . AR Wi SEM B 278 h-BN 7E h-BN/TPU &
A 2P0 B KCFEURHES] (B 3-1e) o TR Pl A 7 (10 45 44 4 B A ek R = A
(1% 1) i 7780 h-BN (R8s 1R 42 B B B RS

Wikl 3-2 fizs, h-BN/TPU 7080 A] LUK 2%, HAREBA AW B, £
EFERK&Z: (1) DMF & TPU I RER; (2) ek )E, h-BN 5 TPU [A//77E
BB IAVE ] 71, HAE h-BN/TPU & & IR FT-IR R ALt iEse 13X F e J1AEAE (B 3-4).
R AR A R T 1 2% EORE Y 51 2 BUR) h-BN/TPU 56 64K

3-2 h-BN/TPU 7 BB 622 1B A
Figure 3-2 A photograph of h-BN/TPU dispersion

3.3.2 h-BN/TPU E SRS S5 4

Kl 3-3 &7~ 1 h-BN/TPU E G R4 RE B, TPU K5 ¥ 452 IR By 5 5%
PEEE B B HEBUM A, Hrh MR BE B 1 FH R — R IE . 2R Y be — e R FR A B
PR, FethaE B B K 5 IRE . 2K b — S RIRER AR 2> T 2 Jo B R v,
TR Rk, TPU HAG HER#MEMZEYE. h-BN (52 H B 75 N B itrigh:
RI7NT7 bt 2 s s AR5 4, TP A HE R B8 Hogh e R, 751 AT DAPR gt i
7F h-BN FRITH PN SRS 45 M FR b AT 8% . [k, h-BN 7F h-BN/TPU & &R #2441 T K47
Pt FIEIE, 1 TPU WML T REFH /15321, 1453 h-BN/TPU B & B A L7 M #4
M1 RE o
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Kl 3-3 h-BN/TPU K JIE ) 25 #) ]
Figure 3-3 Schematic of h-BN/TPU composite film

3.3.2.1 FT-IR 3%k

Kl 3-4 &7~ T h-BN. TPU fil h-BN/TPU & & ML AME 1 . 26 TPU BRI 2 4h RS
H1, 3324 cm! AT N-H IR ZEIRENE, 2943 cm™ 5 2858 cm™ Jy-CH,-HIH 45 R 5k,
1730 cm™ 5 1700 cm™! 435 4-C=0 5 H-C=0 HIHHIEIE, 1074 cm™ iy C-O-C HIH4EHRED
. 5 h-BN E4J5, 73324 cm™ 4/ N-H RIRShIE AR B0 A5, KAEL,
F23 3305 cm!, B h-BN 5 TPU F111) N-H Z[HJE K T &8#, Al RE&F N h-BN 7EER
PRSI FE AR BN T AR F MY, K, h-BN/TPU & & E AR 1) h-BN 3RS TPU FE 44 7] 47
TERGRIAHEAER 71, XA FT h-BN/TPU H GRS HGF )% PERe. [FE, BT h-BN
[FI4F4E, 7E h-BN/TPU B & EHHE 7 h-BN BRI (1370 em™).

74,
[ L4

h-BN

[]

Q 2N\
c\ @5 |r |71 =
| — | g <L ] o~

3324 S . S
- < |
» pu(
> ]
- p—(
~d
&
[<P]
S
~ 13305 '

h-BN/TPU

| p— | — | — T ,l’ | B S B | .._'_'_r
3400 3200 3000 2800 2100180015001200 900

-1
Wavenumber (cm )
K] 3-4 h-BN. TPU. h-BN/TPU & & 2141 & i
Figure 3-4 FT-IR spectrums of h-BN, TPU and h-BN/TPU composite film
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3.3.2.2 TGA 3%

h-BN 7 h-BN/TPU & &/l i & &l it TGA MRS 2] (K 3-5) . TPU RAE=H
PYERE, SE— AN BAE 270-370 °C, HEFET TPU HHREEBMBEM, 56 N BAE
370-500 °C, VAT TPU " fBEBL I FEMR, 2 = BoR A AE 500-700 °C, HPETHR4R
Bk (A B A 12892901 BRI D)y h-BN/TPU & 4123 & h-BN #1 TPU, h-BN AE7E S R &
T(850 °COB, Ty TPU 7 Mb 25 1 N 2 58 A RFHE i, Bt LLFRA T HUAE 800 °C i h-BN/TPU
HAEBMEE AR R ERITHE h-BN & &, @XM &, BATINARSE R 43 H
h-BN & BRI 10 wt%. 20 wt%- 30 wt%. 40 wt%- 50 wt%. 60 wt%-. 70 wt%-
80 wt%- 90 wt%- 95 wt%, ZMHALE R S5HATH LI W 82—, KM\
F2H h-BN 5 TPU 3% A KA W W BTk « A BRI AE 5 AR b B R | % B &
MR 7%, SR8 0] DLSE IR 1 PR T 4

100+

77-

Qi

\’é‘ 30 80 wi%
< 70 wt%
%ﬂ 60. Dl % 0
g 50 wt%
0

E 40' 40Wtz4;
_g ) wit%
= m—_
Q 20- Y ()

= . 10 wi%.

0- L

100 250 400 550 700
Temperature ("C)

850

K 3-5 h-BN/TPU E 5 ) TGA Hhi2k
Figure 3-5 TGA curves of h-BN/TPU composite films

3.3.2.3 SEM &tk

h-BN/TPU 43 BORAE £ I Hh 3L UT0E J5 T8 R 2R B [E 44 (1) SEM G & 3-6a-1 Fis . 43H
B EART 40 wt%Ih, 7E h-BN/TPU 2B 14 %A WS B0 B (1) v R Gt k), F 2
e R ERMLE (K] 3-6a-¢) o MIEELES BEIAH] 50 wt%h, 7] LLE I8 & 1) R4
FERE, XA FORGEFIATRHE h-BN (& 3-6) . 4k4EHIn h-BN (& &, ] LI 251 1
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SN ARG HSERL, 4 h-BN B & &M E] 70 wt%, h-BN (5 HIEMT i, i H
FEMRK (E3-6h) . Hf h-BN & RIAE] 80 wt%, FRATATLAYE h-BN o RIFEL R TH
MR BB AV L) ESBE, Xl LB h-BN (5 &4 80 wt%ff, h-BN/TPU E& 1
BHATBORE B SEM Bl MgZ4583] (K 3-61)  XEBEEWIRIAEEN H& 2 h-BN/TPU

HEWHRE R R EE,

22

- 20'am

20 pm ‘ 20 pm

3-6 h-BN/TPU 2t [E A fK) SEM &, h-BN & &2 (a) 0wt%. (b) 10 wt%. (¢) 20 wt%-.

(d) 30 wt%-~ (e) 40 wt%-. () 50 wt%. (g) 60 wt%. (h) 70 wt%. (i~ 1) 80 wt%. () 90 wt%-
(k) 95 wt%

Figure 3-6 SEM images of h-BN/TPU coagulated solids with h-BN loadings of (a) 0 wt%, (b) 10 wt%, (c)

20 wt%, (d) 30 wt%, (e) 40 wt%, (f) 50 wt%, (g) 60 wt%, (h) 70 wt%, (i, 1) 80 wt%, (j) 90 wt%, and (k) 95

wt%

Pk 3-7(a-0) ATz, h-BN/TPU 1 23 k[l 44 28 it v 38 4% i 8Y J5 , h-BN 7E h-BN/TPU
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H A A 2HKCEEUAHES] . X h-BN/TPU 56 it fin v 1T A8 2 4 FL 285 44 58 fin e s

T B HERR R 2 . HEBA P IS5 18 SR SR A Y E sl i B2 2 7= 2 7 [ PR
U, il 3-7 Ces ), 24 h-BN & &4 40 wt%Ff, M h-BN/TPU & & 1B H SEM
K %2 3] h-BN FORIEEE R VR8RS, M IR A B, ARG, (H2Y
h-BN [J& EIEINE] 60 wt% M1 80 wt%f, h-BN H{E/K V)5 P aaiE48:, TRUES S
PVEE, h-BN (EGN[H) 7 [ WJE BSC— 0 2R 454 (&) 3-7hs iv kv D o h-BN/TPU E-&5 K]
FKHEERE 3-7a. d. g. j Fizs. 20 TPU BERIREENE (K 3-72) 5, HIIA 40 wt%
ff) h-BN %] TPU F:4k, FH/DEAI%4IR h-BN/TPU E &¥I7E h-BN/TPU & & R HIFK TH
FAE (B 3-7d) o 24 h-BN IS ERINE] 60 wtoelf, 247k h-BN/TPU E &1 & &
Hm (E 3-7g) o XEERFELE h-BN/TPU B & JESMETH h-BN/TPU E-5 Y72 i h-BN LA
LB R RSV S H R XA EY] h-BN 5 TPU HeAA (8] 47 £ 58 24 S
YRR, 3 p S AR F A ) T B AR AERE 5 B8 4 8] 1) S T #BE, AT BS I & & I 4 =
. 2 h-BN 5 =N 80 wt%lf, K& h-BN A F4ii7E h-BN/TPU E & KR, &
H1E h-BN R 2 E48EH:, X FEE SRR TPU /£ h-BN 2 [H#i
FEa a3 —iE (B 3-7) , Xt h-BN/TPU E & ERI M F MR E (B 3-1¢) .

I I ER B IR BE AN h-BN I N, 0l DA% A3 B & h-BN &R
h-BN/TPU E & . 24 h-BN (&8N 95 wt%i, h-BN/TPU A EHI45-SMIT “ I
727 (B 3-7n. o) , XFEEMEER MRS FIERMBUASH . HFarH &2 « 5
SERI) 7 L A B gy 00 SR, BIE AL, @ RS & S AR
G2 A ] LUAE) 29.8 W/(m-K)P7), AN REJ# 2 S0 11 £ 0 B g S AR AR I 22K
UeAk, BT RE G E S e, 6 B i A A R RS R 4% h-BN 1S &
Ve RGNS FER, AR KB KA MEERER T f &2 AR, h-BN (£ &
JEE R B HEAT 32 B 520 o X SE R e A5 154 08 Sy H RS R 2 SE R R SR . AR
PR BRI 1R S5 3R A B SC B T B A IR IR & 2 S HE T4, Hol & IR . 1X e8]
B HAEF % A R T SEbrA = . X “ D3 4541 h-BN/TPU & & i
H1 h-BN (1) J2 RS W HEFIA R T #E 7K J7 7 1A 3504% 3%, h-BN 7 Z EE R R A1)
A DA RoRE 45 h-BN, AT B E SCHE 1) h-BN/TPU H A 8.

N1 BIESERATAE h-BN/TPU B & MR RIES, A4 7 HE h-BN
&8 N H h-BN/TPU & & Wi SEM K. Wik 3-8 Arn, 4 h-BN HIS &4 10 wt%.
20 wt%- 30 wt%- 50 wt%- 70 wt%- 90 wt%M}, h-BN 7£ TPU 4K Fh 8 /KF-H a1 HE A ,
5 ERWER RIS, 24 h-BN B E(KT 30 wit%hf, h-BN FZH B EREY)
WaEs, WA (Bl 3-8a-c) . M h-BN B EBME] 50 wt%lh -, h-BN 72 Al
Rz (B 3-8d-0) , 24 h-BN [H& &4 90 wt%Ff, h-BN/TPU E & 45 H 24T « I
757 G5K) (B 3-8f) . X2 h-BN & & h-BN/TPU E & 1K) SEM FAN7E T iR ik
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RV, BEPUESE TERE BRI R 5 ARAL B AT SEHE R h-BN &R h-BN/TPU
AR h-BN AE7KF 7 A EA o

3-7 h-BN/TPU & & JEf) SEM K J: (a-c) TPU fiE; (d-f) 40 wt% h-BN/TPU E & i; (g-i) 60 wt%
h-BN/TPU E&5; (-1 80 wt% h-BN/TPU E&E; (m-0) 95 wt% h-BN/TPU EA1E; a. d. g+ j-
m: FHEHES; by cv e £ hy iv ko 1. ny o: KRS
Figure 3-7 SEM images of (a-c) TPU, (d-f) 40 wt%, (g-i) 60 wt%, (j-1) 80 wt%, (m-0) 95 wt% h-BN/TPU

composite films. a, d, g, j, m: surface morphologies; b, c, e, f, h, i, k, I, n, o: cross-sectional morphologies
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Kl 3-8 h-BN/TPU H &R AT SEM B, Hrh h-BN & &M 518 (a) 10 wi%. (b) 20 wi%. (c)
30 wt%- (d) 50 wt%. (e) 70 wt%. () 90 wt%
Figure 3-8 Cross-sectional SEM images of h-BN/TPU composite films with h-BN loadings of (a) 10 wt%,
(b) 20 wt%, (c) 30 wt%, (d) 50 wt%, (e) 70 wt%, and (f) 90 wt%

3.3.2.4 EDS 9t

NTH—PIRFAREWAE h-BN/TPU &4 B 1) A fE O, FA' 148 H EDS H+k M
I h-BN/TPU & &I 1 7640 4 - h-BN/TPU & 25 15 (1) 22 T A KT TRI 1) EDS 945 45 52 4
3-9 R, iR EIR By Ny Cy O Fnsm R G /A 5], KU o T2,
ATLLVRIL C. O t&wE By N iR EAG R, By N HRIFEZERELE h-BN, 1 C. O
JCER R EERPEE TPU, Kk, TPU 7E h-BN HIR I 4 A4 5] o 1IX 54T 528 TPU 7F h-BN
FZ A PR S R B

3.3.3 St REMR

3.3.3.1 SRMEES

3-10a-d &7 7 h-BN/TPU & B BURE G W F 8=, 4 TPU
FE#F 28 0.19 W/(m-K), I h-BN J&, TPU & & RITH A #S 2 (B 3-10a.
b) o X h-BN & 2N 10 wt%5 30 wt%, h-BN/TPU &4 FERTH N VG558 3.2
W/(m-K)M 3.6 W/(m-K), FHELT4E TPU JBE4r 7380 1 16 f5401 18 f%, FKHE] h-BN/TPU
HE AR RIEX h-BN MEEEE N R AR M. X EZZFN h-BN/TPU &
AR h-BN EXAS G &G WA TR A 54, 50l RS R h-BN BETE %
(1) T am g 42002771 R, 4 h-BN & &8 40 wi% 1 90 wt%hf, h-BN/TPU & & Jii
P#F 25308 5.2 W/(m-K)5 45 W/(m°K), AHELT-46 TPU 4513 T 26 5 236 1,
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K 3-9 95 wt% h-BN/TPU B & IR T (a) M (b) EDS JuR i
Figure 3-9 The elemental mapping of surface (a) and cross section (b) of 95 wt% h-BN/TPU composite

film

HA TR T ZLEX A h-BN & 20 B A3 0B 2, X 32 252 h-BN (19 & =34 i 20l h-BN
R ZE TGk . BE% h-BN & & 00t — 280, h-BN ERMH B [ ik iAo, A
FIT h-BN/TPU E & BTE A E 2 [ T Al %, F AIX 6 5y 5 A 1Y) 5 A0 6% ) 7 1 1ok
PR XAMHERTE SEM EFME B I G — 8. thAh, FRATVE S| h-BN/TPU &
AR RS RN FH B T HRMBREME, 2 h-BN BIEEMT 40 wt%h,
h-BN/TPU B &SR INF42, 4L Em T 40 wt%hf, h-BN/TPU E-&JE
AT RN, XSGR PIE GBI T BT B R ER?.

HE—2Z 1 h-BN & &5 95 wt%, h-BN/TPU & & E G KA F] 50.3 W/(m-K),
FHEG T4 TPU R AT RGN T 264 £, XA TR H 5 BNNS 4L # 3 2E8 AH 2100,
h-BN/TPU E& L R A FETUUHR T (1D & h-BN & &, GHT 2R %
Ik%E;  (2) h-BN 7E TPU 24k 2HUKFEURHES, AR AR P38 0N (3)
BREFVR-S3EIN 7 h-BN 5 TPU EAK[E B A HEIEH o XA A EAL SRR S A
HEMEHRDHIRIE, & HE LA SEN (16,7 W/(m'K) FEH (26.2 W/(m-K))
AT E,

h-BN/TPU H& B /MG R 5 h-BN S E KR WE 3-10c. d Fizx, % h-BN
TR, h-BN/TPU & & JE R /M F 2G04 h-BN B85 84 10 wt%hf, h-BN/TPU
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HEMERPGFE 045 W/(m-K), 124 h-BN 58N 95 wt%l, h-BN/TPU & &)
MERE THEMSGEE, E8 6.9 W/(m-K). W3 “ U587 MEEHEFEHr, HEEE “m%
7 Al “KYe” A&7, Bl h-BN FZIAIK) TPU & &b, v LA B R
FEHZ BRA S RY BT A5, > h-BN/TPU & & 5454 i #4BH, - 3904
3, MR h-BN/TPU & & BRI 1 785 1 P #AY 8CR 2002 4.3 mm?/s 5 31 mm?/s
(FE 3-10av ¢) , I h-BN/TPU E A AT R0 % 1) 3 AL .

h-BN/TPU & & B #0526 530 5 ARt & 4 an 1 3-10e ATz h-BN/TPU R A (T
G AR X [E] 25-105 °C A HEMIEK. 2MIEE N 105 °C B, h-BN F &8 95 wt%H
h-BN/TPU E G IEINHRFZ N 44 W/(m'K), L TAERERTRRSERED T 12.5%, X
AL AT BE & R T e, AR R AR BB A TR LR R R H g, A TR A
HFRJR 2, thah, 2 =AM IREAR SR, h-BN/TPU B & BRIV 38H K AR
B (] 3-100 , R h-BN/TPU 5 & 5 114 5 26 751X AR B30 Bl A A A e 1k

F 3-1 B4 T A h-BN/RAMEEM BT E . X h-BN/REWE S
BHEAT AR E S FEXT h-BN/REME SRR ZRZmR K. 2 h-BN & EN
80 wt%Ff, PMMA & AR H#E R A 11 W/(m-K)!', 24 h-BN )& &N 50 wt%Hi, PVA
HEERRGFAN 13 W/(m-K)', XL h-BN/RSYIE A IR Ja A3 7 208 02
FZER, TSR SIERLE 21 h-BN/RAME AR, Kk, #&0 -BNEEWES
FEL P A 2 o A ) 2 At B e 0 1 A 3 5 5T DL 4% h-BN & 24 100 wi% A1k}
4l BNNS 48 ()G 0] DLk F] 58.3 W/(m-K)'0), VA 778 K& A 25 4 Bl g i T B0 1
B RARAR, A& LA R A MRNEEAT S AL By e (R, WEAIZERFERT, XTIETIA
PERE 2R, EEMEHNAA T, HEmREAFE. A HBHhIEE M T4 h-BN/
REVEEMEFER, h-BN MEES5HAM AT K&, BRESREIHEERELH,
PfE, WE. FEMRINIER PR, REZEME, h-BN WEE5HAMEEHAE. 4
h-BN [ &4 95 wt%h, h-BN/TPU EAIEII#FZHL)N 503 W/(mK), MHItTO&
RIE W) h-BN/REWE GBS REFA R . fERTARRIES, HUR#@E T H T
Y A MR REAR B Y B S N A MR B SRR R . FEAR T AL, T A )
TPU j& — Pt IE P TR G R AR, X PPt R 7E rm il N S ki sh, MIm 51 h-BN A
JEIE R AR T MR AR . Rk, #UEX T h-BN/TPU & & 510 4554 i
BUEAE CBEERN, XFhmE &R, AKFEUAHESI h-BN I8 T h-BN/TPU AR
ORHRFE,
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K 3-10 h-BN/TPU B &I AT B R BT H (2 DURAMM AT R ENZ (b); h-BN/TPU
HEBRITA MY BR BT R (o) DLAHMBHRSREMNZER (d); (e) h-BN/TPU E &I
SEREREMKFR: (D S =ANNAIEHILE, 80 wi% h-BN/TPU H &G R GIRIEN LR
Figure 3-10 The in-plane thermal diffusivity, thermal conductivity (a) and thermal enhancements (b) of
h-BN/TPU composite films. The out-of-plane thermal diffusivity, thermal conductivity (c) and thermal
enhancements (d) of h-BN/TPU composite films. (e) Temperature dependence of thermal conductivity in
h-BN/TPU composite films. (f) Temperature dependence of thermal conductivity for 80 wt% h-BN/TPU

composite film for three heating cycles
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% 3-1 h-BN BHAE R GBI G 3 S b B 5 20

Table 3-1 Thermal conductivity and treatment strategies of typical h-BN-based composites

Tk Bk HESE HEMEHEFE T MFR/ (W/(mK) BH iR
h-BN PI 29.2 vol% WK 0.56 [295]
h-BN PS 67.6 vol% FE 1.1 [203]
h-BN PCL 20 wt% I 2 [206]
h-BN PA6 40 wt% Ik 2.5 [296]
h-BN PMMA 23 wt% WK 2.6 [197]
h-BN SiR 30 vol% BRI 55 [201]
h-BN EP 40 wt% WK 6 [200]
h-BN PVA 94 wt% FLThYE 6.9 [198]
h-BN EP 50 vol% WK 9.8 [285]
h-BN EP 57 vol% Ik 10.3 [29]
h-BN PMMA 80 wt% WK 11 [196]
h-BN PVA 50 wt% WK 13 [199]
h-BN / 100 wt% HAHhE 20 [267]
h-BN / 100 wt% FLTAhYE 58.3 [216]
h-BN TPU 95 wt% IR 50.3 EN

3.3.3.2 SANIBIRYT

FEM B AES KRBT SR SR MIEREE &M B R a8 S AL . BT /R
A A 1] £ 1 h-BN/TPU & A R h-BN 2 8UKCFEUR HES, 8 A11% 1T T h-BN #£ TPU
FEARTBES h-BN & &350 =R (B 3-11) (1) EB(EA h-BN S & T,
h-BN FZ[E# TPU & FF, h-BN I AFE, WHEMSHEE; (2) fi#E h-BN
&8N, h-BN R G, PSR (3 #—28n h-BN & &,
h-BN #H B A TAR FEL 2 0, SN EEE . fE1X = h-BN/TPU E &IN5
Hr, SRR R (1S B S AV RE R A ), EELR BN h-BN 7E TPU A 2
B AP RS . S ER, SS 2R h-BN AR h-BN/TPU & & i S 45 2%
ot s, MRS E# P20 h-BN/TPU B & K.
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/;2; TPU chains BN sheets

3

Loading of BN High i

¥ 3-11 h-BN/TPU EE A R (1) h-BN R ICISLAAFE, B TPU 4R EHF: (2) h-BN
AR R, ESHEE: (3) h-BN FZEARRIHAIEBE K, SR
Figure 3-11 Schematic models of h-BN sheets in TPU matrix: (1) h-BN sheets dispersed in the matrix

individually. (2) The thermally conductive paths were established with increasing h-BN contents. (3) The

thermally conductive networks were further completed by h-BN sheets

3.3.4 NMAERH

N T RAE h-BN/TPU & & IR AE #VE #8138 77, A A #sli g A0id %
h-BN/TPU & & I & B LED XT b & Az (135 FE A8 4k K2 43 A (B 3-12) il ¥ h-BN/TPU
HERA R & 10 mm (K) x10 mm (58) x0.2 mm (&) , MHEAK A2 900 s, DLEE
R B SR A BRI T I . AT E IR A/E LED B, X2
LED [P 2 sl Wik 3-12a iz, BEETCER RN, h-BN/TPU & & B 1) ¥ E A
BRI, XL E IR K2 500 s IR A0, B3 900 s 5%k A48
b, EFFaEIRAE. ¥ h-BN S8 h-BN/TPU E & BENESREFEM, FEEREAN
FEF) h-BN &8 n] U LR S ML, h-BN/TPU E ARG EE 5, HAH
BLRE TR, AHNM R ASR S RC. SIbER, S h-BN &2 h-BN/TPU E4&
FEALE IR B e RS IR A0 A S N4 (B 3-12b) , EER RN & GG Rk
WA BB T, 1S HELE h-BN/TPU &R N5 5) . X R HEHR T
A BT DA DA AR AR TR I “HABE” M. ] 3-12¢ 125% T h-BN/TPU H & i
ARG B, IR e, FRATMEER: 7R —/MRHA) A, BE%E h-BN S &30,
h-BN/TPU & &R A4, WESIRERK. f£4/HF h-BN S8, AR
[E] 38 11, h-BN/TPU & A 5 AR 43 A1 B2 o 24 h-BN 38N 40 wt%- 60 wt%- 80 wt%-
95 wt%If, h-BN/TPU & & B A A EE 73 714 64.7 °C. 57.7 °C. 50.9 °C. 40.7 °C, #H
EE Tl FH 4l TPU JEEI AR AN IR B2 43 ) FEAIK 7749 16 °C. 23 °C. 30 °C. 40 °C. *j h-BN
I8N 95 wt%l, h-BN/TPU B & B 1 E AR EAE 25 s BlA R E KA, M T
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H'E h-BN & &1 h-BN/TPU E ST, RIE T FHOMEY BORMAmNEE )1, £
B A h-BN Z 4 95 wi% 1 h-BN/TPU & &l A H 5 G2,

(a)sn —n I¥U (b)40 s TPU
* il fpiczped
= ~ 30-
= ® owtn| 2
£ 60 60 wt% = 5 - R 40 wt%
- e -
g 80 wt% s T
g 50 g 60 wt%
5 /" oswis| & 104
Chh 80 wt%
3ﬂ 0 M
0 150 300 450 600 750 900 100 250 400 550 700 850
Time (s) Time (s)

900 s

0s 5s 30s

150 s
K 3-12 h-BN/TPU & & IR 13 B IR AR 2k (a) AR TE (b) SRR R (¢) h-BN/TPU
BRI PR B

Figure 3-12 The set-point temperature variations (a) and distribution (b) over heating time. (c) Infrared

thermal images of h-BN/TPU composite films

A BR BRI R 5 #0 R A FE ) 46 2 & IR P 7 i e N A T e T 4ESERHE R ) TPU
S&5K %A, . MoSyTPU E41K (K 3-13) .
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K 3-13 MoSy/TPU H &L K Fr
Figure 3-13 A photograph of MoS»/TPU composite film

3.4 RE/NE

i LTIk, WREEREAE S AR AT 47 S h-BN/TPU B4 . h-BN 7E
TPU AR & B v LUK R 4% (0-95 wt%) , h-BN 7E h-BN/TPU & & /3 Bt B 4F
HEIE KPR A . 24 h-BN & 28 80 wt%l), h-BN/TPU B &R AA
SN, 24 h-BN & BN 95 wt%l], h-BN/TPU B &R # G FiEF] 50.3 W/(m-K).
¥ h-BN &84 95 wt% ] TPU & it —2 N H T LED AT HI#FA, FaaiR AR T
FI4E TPU JERS RS IR SRR T 40 °Co XA THELS RN S0 F AR W] DAREfP 3 e — 4
MEHATE TPU B4R
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F4E FUH/SUFHE-T _HRELERNESE

4.1 5185
fE E—FA, ATBCEBRE IR 5 MR #H] &F 7 HE5 h-BN/TPU B &7,

h-BN 755 & 5 o (1) 7 i sk 5020 1 VA B AT s Pk L T RS A % (0-95 wt%) » h-BN
FESE A I 3 B R 1 BLAEZK 77 1h) 2 30 v B B m) AT o XA AR S (R0 P EL AT 458 1R 4 A 0k
TRAVE— LT h-BNEEDE AR SN E EEZNE. B2, TPU M4
HEA C5 O &k, BUFBIGHE IR E 0 HAERT . DAL, FRATFR 2k —M R
A C 54 (W) mREEVRTHEGERSENIEIRD . HTIRATH 20
h-BN/TPU & &1 HA RN EEF A2 TPU & — R itk sftd i, Fr DLERATE T 5 4
— PRIV AR, SR COME-T IR BOLERY) (SEBS) R RFER, BXEGEREE TR
5 # R A HL I 77 15 4 h-BN/SEBS & A . SEBS % {F F 44 32 B2 RN B (R s v A4k
ik, TEIN L AT EZm L FLREM i, A#] T h-BN/SEBS EABERIBIEIN L. ATk
DU AR B 1 R 5 PR AL BRI AE T LS. F h-BN/SEBS B8k &R, HEFXMik, &
1% A P HESH h-BN/SEBS E A1, [FIRS %S T h-BN/SEBS & A i) S #PERE. 4
M RE . I ERe S . BT XME FHESISE M, BAUEH T3 15 BIRST T H 5
HEF1 h-BN/SEBS H A 11 S AMLFE, H:%F h-BN/SEBS & & B 1) #GS IR RE AT T 158

4.2 SLIGER4Y

421 FBER
(1) h-BN, /4% 10-30 um, 2R 99.5%LA b, FF4 H kR A TR A 7 477,
(2) SEBS, 5 /& Kraton G1652, Z&[H;
(3) THF, 4r#fr4l, 16T BB EH A RA R ;
Hoe 2l T E 24 FA R IR A F, BE iR i all, B4R .

4.2.2 SIGHERBYEIE

4.2.2.1 h-BN/SEBS £ & ER0H &

SEBS ¥ K5 h-BN ¥y RAEMH AT B MARF 60 °C NFEZ TR . AT
h-BN &4 95 wit%[#) h-BN/SEBS & & JE R H &2~ ¥ 0.5 g T SEBS fIA
F| 4.5 g ") THF HT 40 °C F#i#: 3 h, 35| SEBS & &N 10 wt% M IIER . MIZIER A+
I 9.5 ¢ FJ2&1 h-BN ¥ K, Hi+r35%7, 433 h-BN/SEBS 73 #if - 8)5, % h-BN/SEBS
ARG EIN 250 mL IERESHE, N 260 g MEREELR (BREBZRFEAMHRE: 4 mm. 6 mm,
§mm. 10 mm) . #4, 7EATEAIKEN =R FIESEKEE 24 h, ¥H°H 400 rpm, 3k
3351080 h-BN/SEBS 20 B, BRI KEM ABEF, 3yt B E S &S5
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5% h-BN/SEBS [E{RIE &4, ¥ h-BN/SEBS [ K SN S A6 50 °C THEA
TH 24 h, HZREA HREFRENK, 152)T %0 h-BN/SEBS BE{AREAY, /4 0.1 mm
JE I AR h-BN/SEBS AR G H AL, #URIREZ 150 °C, #JEE T2
10 MPa, #JEIFIAZ 15 min, fH/E143EE 0.1 mm ] h-BN/SEBS & &5 . 81 4%l
BREE AT h-BN/SEBS ¥R I BC AR EL 51 7T LA £ 2 B h-BN & & 1] h-BN/SEBS B & /8.

4222 S#EEEMIR
SRPEREIIMR T ETEN, 2.2.2.3 5.

423 SFhFIEEHL

W AR R PRI HE IS LAMMPS Rk st . Bl R 2P K E N 0.1
2970 I PR PEAR 1) 77 AR Aidrebo 7B FH A IR, h-BN H 1) B-N # 1 Tersoff
VB B0, AR AP S AR h-BN (B 19437~ [AI4E F B Lennard-Jones 1F FH #54id
Z[E 3| h-BN [ FHAFE, HorFRER B Coulomb fEH B . X LK FEAE FH IO
W2 BN 15 A. B JRT5 N E-F(0 i o e P 1 508-0.6 € 5 0.6 e J1351R
BZHMFENE 4-1. T h-BN 37 B T IRt L AR A R b DUAAUAS[R] h-BN
IR . X —HEARE B 22 /> SEBS 7> T HEE T 26.3%156.6x74.2 A2 (Al N KB, 1T
A FEEPREE 1100 NMET. AT RBUEREFPERIRES, BAJEAERER 300 K
B NVT RZEHE1T 30 ps, HMAERE N 10 atm KA NPT R4 Fihi4 30 ps. il 7R
R o 5 B BVIGIR X, JFIEE 200 ps B AR E PR (B 4-1) , sk & ek
P80 112571 (RNEMD) SRTTFREAS BIK &R 1 #h & B0,

4-1 TSR RNEMD 7R o 40 W xR =431 h-BN 21, K 8403 SEBS
HeAR
Figure 4-1 Illustration of RNEMD to calculate the thermal conductivity. The red, blue and green present

three individual h-BN molecules, and the grey presents the SEBS matrix
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R 4-1 BRI 135 5 B S

Table 4-1 Force field settings employed in the simulations

ek 7 PIEH ¥ E R JE 7 HLff L-1 %
SEBS Airebo Lennard-Jones g3 / 0:34A; £02eV
h-BN Tersoff Coulomb H# N:0.6e; B:-0.6¢ /
424 RIE

FT-IR: Thermo Fisher Scientific Nicolet iS10, Sz, PG : 400-4000 cm™,
SR 8 e, HFEIRECH 32 IK;

SEM: SU8010, MIHEH E 2 kV;

SEM: Quanta 400 FEG, FEI, £[H;

EDS: APOLLO 10SDD, 5 SEM (Quanta 250 FEG, FEI, USA) Htf;

TGA: TG 209 F1 #/r#r1%, #E NETZSCH A#, FHEEZE AN 10 °C/ min, A%
AN, AR EN 20 mL/s, FHEEEA 10 °C/min, 7 X [H] 4 ZE#7-900 °C;

LFA: LFA 447, f&[E NETZSCH A #];

DSC: 200 F3, f#[E NETZSCH A ¥#l;

TMA: 402 F3, f&[E NETZSCH A H], MAEZEZE 5 K/min, & EHZ-10-80 °C,
GRS

WE T3 BEAF BHAIEHL : Instron 3365, Instron Corporation, 3 [E , i /H1# % & 2 mm/min;

CPU: Intel(R) Pentium(R) CPU G4560 @ 3.5GHz, %iHIhZE 2 60%.

43 LER5THE

4.3.1 h-BN/SEBS £ & IR8YHI&

Kl 4-2a 7~ T h-BN/SEBS E ARGl & FE R BB . WRBKEEH T4 h-BN
Y5 SEBS WIRGER, AHEE TG0 1add 77 5 P HEik T DL 47 1) 2 B, X2 A
N h-BN 5 SEBS FIVE G ¥ 7E % I BER B GE b midlis AT, AN [F BLAR (R BR B 2R 2 5%
h-BN/SEBS W& W - A V)M L4 /EH, (RN RE. B, 3310
h-BN/SEBS W& RAE CBEFH HUTIE JF T, 435 h-BN/SEBS FliAREGY. #E, ¥
h-BN/SEBS [E| /AR &P AT A H AL, 3R19 B SCHE ) RTEFR Y h-BN/SEBS H & ik (&
4-2b). M h-BN & &4 95 wt%M] h-BN/SEBS E &K SEM E A1, AT EH] h-BN
7f h-BN/SEBS & & i 2UKFEUHHES] (B 4-2¢ d) o X Pl FEE R 25 0 2 2
H AR AL EE R SEBS HIMARIAAIA h-BN =42 B H 51 iy . X P&ty n] DS #h i 7E
RSP 5 TR P A S, B R OR A h-BN (&=, ALK AR h-BN & &1
h-BN/SEBS & & .
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4-2 (a) h-BN/SEBS E&BEIH| & d Fin K (b) h-BN &84 95 wi%Hhf, h-BN/SEBS 54K
[F62# B s h-BN £ 95 wi%litf, h-BN/SEBS H &ML (o) WM (d) SEM Kl K
Figure 4-2 (a) Fabrication of h-BN/SEBS composite films. (b) A photograph of 95 wt% h-BN/SEBS

composite film. Typical surface (c) and cross-sectional (d) morphologies of 95 wt% h-BN/SEBS composite

film

4.3.2 h-BN/SEBS E & BRI SR S 4557

h-BN/SEBS &G E 45 7n 2 B WK 4-3 Fos, SEBS AWK LH6-T Mk Bt
B, Hor, RO BA N ORIIBIERHE T O06- T 3L Ry b T Kb R 40 A
A AR RAE . DR, SEBS HA R R M FIBME R EARRE, PR T h-BN/SEBS
HAME 12252 . 5 [FRIRY, SEBS 2R 3A 5 h-BN 4 n-n #H ELAEH , /#1453 h-BN 5 SEBS
[F)AH 2 1 %

' e e e e I
=7

4] 4-3 h-BN/SEBS & &% 45 K47 & &
Figure 4-3 Schematic of h-BN/SEBS composite film

78



54 5 ORA SN OG- T )Gk BOL R E AR

4-4 J&7~ 7 h-BN. SEBS 5 h-BN/SEBS & & EHIZLAMEl 1 . 4 SEBS 21 4MA]
W) 2920 cm™ 5 2850 em™ VAT -CHa- A FR-S X PR 4 4R34, 1455 om™ X
-CHo-fTH N 25 iR 200, 1494 em™ J& TR B 22 ik QU PR 3% . 5 h-BN 4
JG, IXECUERIAT B A KA EAEN, EEHILT h-BN FFRHEEE (1355 cm™) o J54G
h-BN ¥y K H, iZRHEIEHIAL B KLZE 1371 cm™, JE% h-BN/SEBS E &5, h-BN ]
AR I R A AR BT M 2082, X FE 2208 h-BN 5 SEBS PRI EE AR A4E - 1
H, TEREEHIRR, BT R R, SITRERECD, BUE h-BN WIS a1 507
%50 .

Reflectivity (%)

3000 2500 2000 1500 1000
Wavenumber (cm™)

Kl 4-4 h-BN. SEBS. h-BN/SEBS & & iR 12141 Kl
Figure 4-4 FT-IR spectrums of h-BN, SEBS and h-BN/SEBS composite film

£ h-BN/SEBS TR G BREE L A2 vh, &k 2 () SEBS ¥R A7 CE F] LAfR# h-BN
A sEEE LR, RIS A] PARH IR h-BN  ZE R R4, X 0] LUfId h-BN/SEBS R&H 4
I HYTE RS 21 h-BN/SEBS YR A [ SEM W43 3] (K 4-5b) o Wik 4-5b
5 cin, h-BN 2851525, FZHRN & 5-25 um, JEREJ2 180-270 nm, X EE¥{H
5546 h-BN ¥ KA (K 4-5a) . h-BN/SEBS JR & A1) h-BN 24 SEBS 11
BRI (B 45 .
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4-5 SEM B /r: (a) J5iA h-BN ¥iK: (b. d) h-BN/SEBS Z#t[fAk; (c¢) 7E h-BN/SEBS £k [
& ) h-BN
Figure 4-5 SEM images of (a) pristine h-BN powder, (b, d) h-BN/SEBS coagulated solids, (c) h-BN
platelets in h-BN/SEBS coagulated solids

Kl 4-6a-1 &7~ 7 31781 h-BN/SEBS R &1 SEM El . Bl 4-6a. ¢\ ev g is k
f&/~ T h-BN/SEBS E &R R HIEI, 45K 7% h-BN & 2N, 7€ h-BN/SEBS
A B R B ] WE) h-BN (& &SN, h-BN F)2 A7 TREWRsJ i, IfH
h-BN v JZ 56 E LU e %, A H BB BT e 5, 3X 32 202 0 h-BN R HE € 1 1 FE
h-BN 7£ h-BN/SEBS & & 5 P & B 7] 4544 e Wil SEM JESESE (J& 4-6b. d. f. h.
Jv Do MIXESHE S W SEM B Rl BUMEE S, h-BN 1E A A i 2 3K F )
HEF . 24 h-BN [F& KT 40 wto%l), h-BN/SEBS & & () h-BN F UG B KA %
fih, WERAVIGEI (B 4-6b. d. ©) o 24 h-BN & EiEH] 60 wt%f, w] LAXEH] i 2
] h-BN v ZAHE (A543 (B 4-6h) o it— 380 h-BN ()7 & 2] 80 wt% Al 95 wt%,
MAHR B WA SEM B v A ] DLLSE 21— M S 3 HER B 2R HE 1 S50 (B 4-65. D o X
FREEHIA R T TS RN GE, X0 TIHINE MBI SR EF A 4. /£ SEBS ZEfA
(A3 FOBARF IR h-BN ()R] 51 45 74 ) DL RS 0 h-BN/SEBS & & IR # 2 2E
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4 & R AR L)G-T i BIERME S5

20 pm
P

4-6 SEM [ }v: (a. b) SEBS: (c. d) 20 wt% h-BN/SEBS E&J: (e. ) 40 wt% h-BN/SEBS
H A (g.h)60 wt% h-BN/SEBS & A5 (i.7)80 wt% h-BN/SEBS & A ; (k.1)95 wt% h-BN/SEBS
A
Figure 4-6 SEM images of (a, b) SEBS, (c, d) 20 wt% h-BN/SEBS composite film, (e, f) 40 wt%
h-BN/SEBS composite film, (g, h) 60 wt% h-BN/SEBS composite film, (i, j) 80 wt% h-BN/SEBS
composite film, (k, 1) 95 wt% h-BN/SEBS composite film

h-BN 7£ h-BN/SEBS & & ik o {1 & &l i TGA Mk 75 2. ] 4-7 J€7R T h-BN.SEBS.
h-BN/SEBS E & JE ) TGA #hzk. JE4f h-BN ¥ K =is, B2 800 °C, h-BN 18R H
RAEHERIKE, H2, h-BN/SEBS E &K1 TGA th&+H HIL T A EREEGH
AR EH G R AETE 250 °C F] 400-500 °C, £ A SEBS (&R . 55 A EHKE
B KA AE 400-500 °C £ 600 °C, JHF T1EZSH SEBS WAk IRk . HEIXE,
Fr A A B 56 420 R 35345 % » h-BN 7E h-BN/SEBS & 0I5 o i) & EAR Y S AT 17E 800 °C
TR A RETEER], KZN 20 wt%. 40 wt%. 60 wt%- 80 wt% M1 95 wt%.

J5 45 SEBS F1 h-BN/SEBS & 4 5 (1) 2% 5 i FE A #4820 (Tur) BOSG05R 4-2 B
7~ o h-BN/SEBS & A Turi KL 200 °C, Eon T AN B # @ g v . BE% h-BN
RN, h-BN/SEBS & &M Tur B #THG N, KA CE LSS . WA h-BN G F]
T 243% h-BN/SEBS & & 5 1 #utk, =22 BN h-BN AHX) T SEBS B A H m I # G 2%,
i TR A B BB . b Ah, h-BN 0] LA R B 1E 3 AR A B AT Y
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100-
? o
NN
+ 80-
s
e’ o
=
03 d
=~ 404 —SEBS
g J =20 wt% hBN/SEBS
o] e 40 wt% hBN/SEBS
© -
8 20 e (60 wt% hBN/SEBS
m o == 80 wt% hBN/SEBS
0 — 05 wt% hBN/SEBS
v L v L L J | J
100 300 500 700 900
0
Temperature ( C)
4-7 h-BN/SEBS H & LA TGA HiZk
Figure 4-7 TGA curves of h-BN/SEBS composite film
7 4-2 h-BN/SEBS & & i (1 # A
Table 4-2 Thermal data of h-BN/SEBS composite films®
FF: i JRE R /PC Turi/°C
Ts T30 Tso
4li SEBS 361.1 420.8 438.6 194.5
20 wt% hBN/SEBS 367.7 430.1 455.6 198.5
40 wt% hBN/SEBS 369.0 437.1 510.0 200.8
60 wt% hBN/SEBS 370.9 499.7 - -
80 wt% hBN/SEBS 371.2 - - -
95 wt% hBN/SEBS 533.0 - - -

@ FE I Tar BTSRRI A (4-1) 13013021,

A AEAT L g R P

A
Ts

T30

Tar=0.49% [T5+0.6X(T30—T5)]

Ff it R L Sl FRYAR L AR IR E/°C 5
Fof it R L 300 A B2 A T BE/°C
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433 &

s

EffF 5T

433.1 SHMEED

K] 4-8a FE7/~ T h-BN/SEBS AN FZ 5 h-BN &K R . 24 h-BN K5
AN 20 wt%If, h-BN/SEBS HE & FHN 4.4 W/(m'K), MHELT2 SEBS i€ (0.2
W/(m-K)) H 7RI, 2 h-BN &4 30 wi%5 40 wt%h, h-BN/SEBS & & (1)
PGERNHIN 5.2 W(m-K)5 6.7 W/(m-K). 24 h-BN [{J& &M 20 wt%IEIF] 40 wt%H,
h-BN/SEBS E & KA R IMAE .. 21, 5 h-BN é‘%ibniu 50 wt%5 60 wt%

iiF, h-BN/SEBS & & EIH G R 518 10 W/(m-K)5 15 W/(m-K), XASHG K K0
FHEET 24 h-BN & &N 20-40 wt% B BN E . 24 h-BN & 2183 80 wt% Al 95 wt%
i, h-BN/SEBS & ARG R 51 27.5 W/(m-K)FT 45 W/(m-K). XM HEHE
K Ky EEHIER h-BN/EEWE SMERH#HGER (K 4-8b) .
@) _ (b)

Z 9

”: 404 = ®= In-plane thermal conductivity I’i —'E o ob

z B 90 :

; : i *’l‘h:s work|

E 304 ’il E

5 " g 3

E 2t L = E 204 AT

LT: 104 J"’Y § 104 T g Pl

E‘ ;.--i--"“ % 0 Sl Ol [29] sl

= ool . v y = ) —

20 40 60 80 100 40 50 60 70 8 9 100 110

~_
(g)
-
h

Thermal Conductivity (W m™ K")

K] 4-8 h-BN/SEBS BN (a) HST4h (¢) #HFE;

hBN Contents (Wt%)

—_—
=B

= &= Out-of-plane thermal conductivity

-
- ¥
-t

A

20 40 60 80
hBN Contents (wt%)

Thermal Conductivity (W m”' K') N’

100

HEEE UMK h-BN SHAE S S RRAT R, (D &
h-BN/SEBS & & #3556 &

Figure 4-8 In-plane (a) and out-of-plane (c) thermal conductivity variations of h-BN/SEBS composite films.

hBN Contents (wt%)

- o= First cycle

80 % = o= Second cycle
404 —-‘.E."=§, =« = Third cycle
L ]
= . .
304 Beesg
20
104 In-plane direction of hBN/SEBS
04 T v T v T v T v T v
25 50 75 100 125

T =ANMAES IS 2, h-BN &

Temperature ("C)

4 95 wt%[] h-BN/SEBS
BN 95 wt%fH]

(b) h-BN &

(b) Thermal conductivity of typical h-BN-filled composites. (d) Temperature dependence of thermal

conductivity of 95 wt% h-BN/SEBS composite film for three heating cycles
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Kl 4-8c &7~ T h-BN/SEBS H AR/ T2 5 h-BN &L R 4 h-BN 17
N 20 wt%Ht, h-BN/SEBS &AM HIZMATZA 0.4 W/(m'K). 24 h-BN & &R 30
wit%- 40 wt%-5j 50 wt%H , h-BN/SEBS & & i 1 # T 2% 2 51104 0.6 W/(m-K)- 0.8 W/(m-K)
50.94 W/(m'K), #8124 h-BN (585 20-50 wt%lf, h-BN/SEBS & &l ) # G %45
/N SR, HE—2530 h-BN (15 23] 60 wt%, h-BN/SEBS E & I # G R KL 2
1.3 W/(m-K). I 80 wt%F1 95 wt%[] h-BN, h-BN/SEBS E & EFI#H SR KL 3
W/(m-K)Fl 4.4 W/(m-K).

Kl 4-8d &7~ 7 h-BN & 54 95 wt%[#) h-BN/SEBS H &l SR IR KL R,
3R M 25 °C 4| 125 °C i, h-BN/SEBS E A A #CT R . X2 N NBEE IR
ThiE, AR LA A ) L3R K0, 7S P 3 AR RIS, ANTIBEMIK 7 h-BN/SEBS
HEMBRIGER, L3 =ANINHIEIR L FE, h-BN/SEBS & & RS R KA KA 51
Ak, W] h-BN/SEBS 54 (1) #iv -G 22 A0 X AN I B2 Y0 [ N (R AR e 1k

4332 DFHHFER

TELL M L () B 3 2 R A8 75 1 A — SR8 4 21 03T (PR 1R SE L o 7
X LR T (A  SR SRR ] DUHAE A — 5% “I” RE LB, o) NEiE— ) “H”
SR PSR K R T e AN R V2 EER ORI AR, FRATT B ERIX A5,
T BN —ZE AR BRER B ) — 2R . (Rl MRy, 3R #vEinNEE, xRS
RERKHFE . Wil 4-9a fror, 243800 h-BN (5 8, 52 RO AR T DA 22
B, XHPRRBRER T T B E], MMM 8 R, 52— EAERMFERL
HEMEL

£ h-BN/SEBS E &I N 77, 24 h-BN &84 40 wt%I, h-BN/SEBS H4&
JER AT RN, XA h-BN S EWFRAZEBMBIME, F 2000 TR 5 B
)20 R TR A TS B IR, FRA I IS 73 130 /1 FARAUAE h-BN 2 38 hn (1) i 72
W, M S AGEE N h-BN/SEBS B &M BT R Ism . 8 7 it Hid R, ek
BRI, TR h-BN 5% 2 2.5 nm, K2 7.5 nm, h-BN [1#
S% i RNEMD i E 152152 186 W/(m'K). FEIRAME (BHE h-BN) HI#ASHEEE R~
3G N2 AH R G I, DRI, AUl RS R /N RS h-BN () #3280 LT SR JL S fl
FIf) h-BN SR BT, fEAE P h-BN Mok R Pt 83 S R AR & &
E SIS R -8, AR E—F

FAVEETHE Z P h-BN/SEBS &A1& R VT 20K FL h-BN & &2 5 LA 45
¥J%F h-BN/SEBS & &M KBS R 5201 (B 4-9¢) . 46 SEBS EFI#V 3% 2 0.13 W/(m-K),
JIN 10 wt%[7) h-BN £ SEBS Z&44& 1, h-BN/SEBS & Al #4588 % 0.33 W/(m-K).
UERS, h-BN F 2 B4 SEBS FE =T (K 4-9bi) , 4 h-BN & £33 30 wt%Jf
H h-BN 78 AR R A L AR A, h-BN/SEBS & & R CGE R 28 0.34 W/(m-K).
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FERPAELE 0.01 W/(meK)Z 77T LA R GiiH iR 2, RIERAR T IZAEAE /) h-BN
H 38 2 A ReA R in h-BN/SEBS E AR R VT H . 4RI, 7F h-BN/SEBS A&
) h-BN AT BL32fil T A h-BN 4 FH T B4R 2 - 25 h-BN (55 58 30 wt%Itf, h-BN/SEBS
HAME A RREERBIA AN 4-9bii Fi7R, h-BN/SEBS &A1) # G 2 8 2 3 hn 3
0.46 W/(m-K). [EFERE 30 wt%[1] h-BN & &, h-BN/SEBS & &R HGE RGN T 35%,
XEFERF N h-BN B EIE RS Ve EERTiiE T OEUF v E T BIER &M
B () 2R RHE L S8, @it 5 h-BN BEARFL, 154 h-BN BRI GEFA 5.01
W/(m-K)o LI h-BN 2 — AN =& &, il 90 wi%, h-BN/SEBS 14 & H#4
SR NAZ ST A ST SR h-BN SRS REEALZ . hikar i,
4 h-BN/SEBS & & B H 5 A TE BT FAEE T, I 10 wt% ) h-BN 1] & 25 3 1l h-BN/SEBS
BEBRNHFE, #F— 2 IN h-BN K& EHIE R A R T HEER, h-BN/SEBS B &K
PR BUA KR, 4 h-BN &2 L% 5 LR T DUE S HdE, AHS ) h-BN/SEBS
HAEBERMRFREZFE R, @ THE M E g 2] h-BN (8 Z RS & &A1)
KATLUEMERIA h-BN TR REER AT BEME (Bl 4-9d) o 458K h-BN Eﬁﬁ%%
T 40 wt%H], h-BN £ h-BN/SEBS & &I a5 L Sk, TR Sl . X4
HIRATE SIS L2 2] h-BN/SEBS E &I HVF R BN EH—E . £ h-BN/SEBS
HE RSN TR BB S T &I T R ALE, SR1, h-BN/SEBS & & R 5k
IR LPBIRBELI N 60 wi%, ANFETHHNRFREABRBEE (40 wt%).
h-BN/SEBS & 4 JI5 1A THT P4 AT A0 445 2 (172 30 BB OB T h-BN 7 h-BN/SEBS &

e AR SEUA . BT PRSI #E h-BN 7E h-BN/SEBS & & i & ZEHUA], h-BN i 4]
T#£ h-BN/SEBS & & I 1H N J7 M2 RS G, X ] LUl id /£ h-BN/SEBS & & i 58
SEHUA F h-BN IR BUBURL R AR . 24 h-BN (5 84 40 wt%H1 60 wt%F, h-BN/SEBS
SATERIWTH SEM B Wi 4-10a 5 b iz, h-BN 7E h-BN/SEBS & 4 i b iy B Hi ) L
RAERMER (B 4-10a 5 b HRBEEELTIR) . AT HBEEESEM I, &
4-10c-h JE7~ T h-BN 7£ SEBS A&l e HEM S MU g5 B, 8 4-10c 5 f R T
h-BN 7F h-BN/SEBS & & Erh 235832 HA], h-BN 7F SEBS FAR AL, BA kLS #
B, (H2Z, h-BN RMMBIRI AT LG h-BN (8] )4k, FFaa R S48 (B 4-10d 11
AEEIRIN), (Hi&, fEIX h-BN & EWUEN, h-BN FEMBAA 2 LTE
h-BN/SEBS &AW H 47 A S #4EE (B 4-10g). B4 h-BN & 28 40 wt%H,
h-BN A2 5HIR} AT LAZE h-BN/SEBS ”EAH%H’JE?W%W%/EE%M& A “"*fﬁ%?‘iﬁ
TR G VEE . HE—2DH8 N h-BN FI5 &2 60 wt%, h-BN/SEBS & & 1L [ 4h 7 a1 FF- 46 7
G HVEE (B 4-100), 5IEFEF, h-BN/SEBS & A FEAETH N J5 [ T B 5 B 2L Eiabu

(B 4-10e). 455K, h-BN/SEBS & &AL SN T AJE AT PVEEN 75 220 h-BN & &
B TN B Bk, h-BN/SEBS &G AL A1 77 ) F1VES Ui BAE 2 5 1 T P 7 A 1)
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BUIEIE. tin, EAFEF ) h-BN/SEBS B & R 417 7 RIS BB 2 60 wtolfi T A
J7 T BB T BE A 40 wt%, X534 R e — 5.

(a) " hBN plates Increasing hBN contents

5 Y SEBS chains b

- 100
(©)Z (d)

e 3 ~ 80

z s

E“ I s 60-

% 4 T =

2 :‘03 404

: 8

E 0.54 = 204

E &

E

S 04

=

= 0.04 T T T T
{v% §\“ \“ @'\eQ V"}Q 0 20 40 60 80 100
S ) » 5 & Q)é; hBN Contents (wt %)

*

K 4-9 (a) h-BN 7£ SEBS S:AAH LAY (b) 4p T /72U : (i) h-BN J7 4 SEBS [& 25
JFs Gi) h-BN #P BT RE; 20, 4. EOAR=ABAM h-BN 7071, KEAK SEBS ik,
() 73T T 5 h-BN/SEBS H &R T RS EMHICR. A, 10 wt%oMl 30 wi%
RFEh-BN &R, “30wt%p” H “p” K h-BN B S HE, 4 h-BN FIBHEIAANRE
RELH T h-BN FEE: (D LT, h-BN #EZ A S h-BN SERKHR, AE: 25 h-BN B
O 25 wi% 1 50 wt%hf, h-BN/SEBS 5 & i (1 40 [ i 7Y
Figure 4-9 (a) Schematic models of h-BN in SEBS matrix. (b) Molecular dynamics simulations models: (i)
The heat transfer paths are not constructed by h-BN. (i7) The heat transfer paths are constructed by h-BN.
The red, blue and green present three individual h-BN molecules, and the grey presents the SEBS matrix. (c)
The molecular dynamics simulation for computing thermal conductivity of different structures. The “p” in
“30 wt% p” represents the construction of thermally conductive paths. An h-BN chain is constructed when
the h-BN projected area is not equal to zero. (d) The variations of projected area that is occupied by h-BN

with h-BN contents from the top-view. Inset: the models from the top-view of h-BN/SEBS composites with
25 wt% and 50 wt% h-BN
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) (2) (h)

= Out-of-plane direction

—
-
- =

Kl 4-10 4 h-BN & 54 40 wt% (a) 5 60 wt% (b) i, h-BN/SEBS & & B WiI SEM El; (c-h)
h-BN/SEBS E & /i h-BN R AR FIE; 20t 2R AR
Figure 4-10 Cross-sectional SEM images of 40 wt% (a) and 60 wt% (b) h-BN/SEBS composite films. (c-h)

Schematic models of h-BN in h-BN/SEBS composite films. The red dotted line represents heat flow

4.3.4 HEAKMEREMR

REMEE A MBI IRES e T & T SE A E R, AP CTE
HRAE. FH TMA 7] LR 3RS h-BN/SEBS & & U5 B A J7 1A (2P CTE 4. 4
4-11 iz, BE% h-BN & EBIN, h-BN/SEBS B &K CTE (4K, 40 SEBS J&
'] CTE {E/2 149 ppm/K, 2R, 4 h-BN & @A 20 wt%. 40 wt%- 60 wt%5 95 wt%
i, h-BN/SEBS & & () CTE 15514 96 ppm/K. 78 ppm/K. 50 ppm/K 1 16 ppm/K.
X E R NAE h-BN/SEBS & & 5| AN TARIZIK 2200 h-BN, 7T LU BRI 28 &4
MR BNB], e Ah, BN h-BN B A &[] 7 RHE (h-BN ()T A CTE fH42-2.7 ppmv/K,
MM 4 CTE B /& 38 ppm/K) 43461, h-BN [JH ] o] LAKE A Rt R ) SEBS 73 T8 %%
31, FEAENTE h-BN A /7 M, h-BN B HITHIA CTE EA F] T F£K h-BN/SEBS &
A TER) CTE 8.
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ol . - =~ hBN/SEBS composites|
“
~ 120- .
M :
g 90- b ~<
= e
E 60+ ~ \.“‘
S S
30" “w ,__
- i “m
0 T T v T v T v T v
0 20 40 60 80 100

hBN Contents (wt%)
& 4-11 h-BN/SEBS & 4 i) CTE 14
Figure 4-11 CTE values of h-BN/SEBS composite films

43.5 NEFEMEEMR

h-BN/SEBS E &I 71 ERES h-BN S &= ¢ R 26w 4-12 Bios, AR 1%
PEREEE 3k 4-3 Fn. AHEL T4 SEBS i, F#E h-BN & &4, h-BN/SEBS &4
Az IRA RN, FERRNE M h-BN &85 h-BN [ B2 A HEAR 7] DA 250 R 1)
h-BN/SEBS E & HIEAS . {HE, FHNF h-BN/SEBS & &5 KT 24 5 77 55 ki 24 v AR B&
K. 2l SEBS JERIWrZLN F1/2% 21.4 + 2.1 MPa, WA 12.779 £ 3.067%. 24 h-BN ]
RN 20 wi%, h-BN/SEBS & & 5 (1) Wr 5 5 7 R W N A 7331 9 8.1 + 0.5 MPa Al
6.592 £ 0.751%. 4 h-BN [{J& 5N 40 wt%. 60 wt%-. 95 wt%FH, h-BN/SEBS & & ik
W24 A8 73 51 0.142 £ 0.017%- 0.026 + 0.003%- 0.005 + 0.0005%. FH N [T 2N /142
TR, 2> 5)H& 42402 MPa. 3.7+0.2MPa. 2.6 +0.1 MPa. X EEZ[EN h-BN [k
A% JE L DL R B m A4 PR ) T SR G EEI RS Z, 24 h-BN SSRGS, X ANBR S E
TN R0, b Ah, FETE S h-BN & & R 5 5 7242 h-BN R )4+, 530 h-BN/SEBS
A AR R I A 2 AR 00,
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4
204 =
_— E 3
~ d
M
= 13- E .
7 ) =
8 e
b 000 002 0.04 006 008 010 012 0.14
f}-J. 1 0 - Strain (%)
:i: ] — SERS
Z —20 Wt%
o 5-
2 — 40 Wt%
o e 60 W%
HE e 95 W%
0 <= ¥ Y T ——
0 2 4 6 8 10 12
Strain (%)
P 4-12 h-BN/SEBS & & iR (15 /7 22 1 £&
Figure 4-12 Stress-strain plots of h-BN/SEBS composite films
% 4-3 h-BN/SEBS E & /B /1A ML REEHE
Table 4-3 Mechanical properties of h-BN/SEBS composite films
FE b B IRBE (MPa) W AR (%) Wi %8 s (MPa)
SEBS 72.8+13.1 12.779+3.067 21.4+2.1
20 wt% h-BN/SEBS 88.4+10.1 6.592+0.751 8.1+0.5
40 wt% h-BN/SEBS 176+12 0.142+0.017 4.2+0.2
60 wt% h-BN/SEBS 313+31 0.026=+0.003 3.7+0.2
95 wt% h-BN/SEBS 636+81 0.005%0.0005 2.6+0.1

4.3.6 MR

h-BN/SEBS & & FEAORG 25 B BN Y CPU kAT AVE BN AR . [H] 52 CPU K%
F K 60%, MWHARFELFIR T2 20 mm (KD x20 mm (55) x0.1 mm (J5) , S (7]
J& 3200 s. FESMEIR FIFEMACURAE CPU KR EIARIfa e RS Tk, 72525
AR, FHARELE 25 °C. 3R 4-4 145 T 41 SEBS 5 h-BN 254 95 wt%[] h-BN/SEBS
HAMARSILE . X T4 SEBS & N[ CPU %%, CPU HIFZSIEE AN 58 °C, Mmiff
F h-BN %54 95 wt% ] h-BN/SEBS & &/, CPU [MIEHAGE /TR %, 258 3200 s
J&, AR RS IR E PR KR 54 °Co CPU I ATHY BIREE SIS (Al ¢ R W 4-13 pivs, R
] 7 h-BN/SEBS & & i B A7 H (IR AR
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posywve v " |

h
h
2

n
<
N

40+ —SEBS film
95 wt% hBN/SEBS composite film

Temperature (°C)

0 500 1000 1500 2000 2500 3000
Time (s)
K 4-13 CPU iz 47 A5 5 AR Ak, Hh 2%

Figure 4-13 Temperature variations of the working CPU

%% 4-4 40 SEBS 5 h-BN &84 95 wt%[f] h-BN/SEBS 5 & i (A A 5 B @
Table 4-4 Stable temperatures of SEBS and 95 wt% h-BN/SEBS composite film*

(R IEe
Ty 58.1 58.2 57.8 57.9 58.0
T 54.2 543 54.0 53.8 53.8
AT 3.9 3.9 3.8 4.1 4.2

o T, AR 34l SEBS MEXTH N RS IEE; T /8% 95 wt% h-BN/SEBS & AN M AR SIRE; AT A&
M4t SEBS JE#] h-BN 55 95 wt%[] h-BN/SEBS & & JE T N [ A 255 ) PR A

4.4 REINEGE

2R ERTR, AT S BRE AR 5 Uk b B 25 A 451 h-BN/SEBS 2 & 1. 24 h-BN
(15 8N 95 wt%h, h-BN/SEBS & A #VF R 208 45 W/(m-K). T h-BN/SEBS &
A TR RS BT R 454, A 4023 77 SR SE A 451 h-BN/SEBS &
A IR S R LB A] S HGE M P S R . 456 SHIIRSE R, /5 h-BN/SEBS E &
JIES () T 1 -5 THT AP RT3 VR AL 20 1) N 40 wt% 5 60 wt%. i %5 h-BN & B3 )11, h-BN/SEBS
HE A RBE, B RBCER 0. Wi A28 A5 f# K. h-BN &84 95
wt%] SEBS E & AR EA — & BN /) (2.6 MPa) , FKH] h-BN/SEBS & & H
AR B R
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E5E Al FEREESHHE

51 8l8

IR FET R ER PR ACE T R ELUA ) h-BNAR BV E S ARSI & . — B, FRAT
XI T h-BN/REME G MRHEKE T M SR 2, FERECN h-BN A5
4% 5 L S Au v T30 5 1D P9 9 el R AR BT AR, h-BN/R AW E S8 RHE TR BT M
IFRPFRD . B, EFpHIEMet, [FEAEEETT A mASENE G
klo Fk, fEX—FT, RATSGE h-BN/EP &M BT & i, il % 705 B 5 i 2
SR EP EA ML

B H - oas AR AL AR A SRR, RIS AT I AR AR B AR IR 2R
N, X BN HE B L DUARIE S s AT Rl Rk, B ona e A
[ T2 A R R . T In R TR Bk OGS 3 A2 WA L CHb 42 )@
[ P e, AR 110 P TR B ik 1) 32 AR S = i i, S EERAF 5 A A 2 AT HE DA IR
SEFBEML, SR AT RS AR AR FRIX R R AR A KR AR, BRI
FRIRL (0.0267 W/(m'K)) , fEEHELES S BT M P EIE R, @t EA
— MR RIAR B T n R S ECR T R DU X SR R, S e AR
BB B, AT LA SO AR I A )8 o GX A = 3T 3R (P FE MR O A T A R
A TE AR AE BRSBTS 23 () A% BDRE, ST A i S I TR T B A e, AT
PE R B BRI . i T E AR I T ) R B R M A, B DLELSR AT A RHE
EET M BEAEER#RTE. BEWHTIA. I, ZEMESEMENIEA
AT IR, BE&Y (n: EP. SiR) #HVERE 0.1-0.3 W/(m'K), XN #HGH
e DL 2 Je it FL s A 0 SRR SR o 1E R A WA TR A TS 3 S R R T Lk
BREGMEE EME RIANERE . T35 #I AR X L8 SV Re A A% 2K, AU,
B SIS R AT SR . AIND02362391 1 A[,Q5[240-242] | BN[29.222.242.2441 34 | -F-
HAREGYUSEM R 25 & S RERE

h-BN, & 4t R RE, 2RI T A 80, B h-BN 2 g s IR 8T
anfg L, HARI. SRR, SBRIRHE, X R R4S h-BN O AR
TR A % SRR 4480110307 -8R, h-BN [RGB BILE [ ik, T N S HRER 600
W/(m-K), HAMATEZ 30 W/(m K)o X R [E A R 6 & B 7 B m e
R h-BN/RAME A EHEERE B M. FIH h-BN [N & H#GE, [ h-BN 7ER A5
fasrb 5 00 2 B R AT A OR EE h-BN/ SR G E S RHER BT M SR, Bk, K
JE 187 55 1 1] %% h-BN 78 R A W)k b I HLELA 1) h-BN/ZR SR A PR R B2,

fif h-BN BUH 7 R ARE: WAEvEN Rz i B m) k32112122181 0 g2 B 4]
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RPN MBI AR, g 2k BISE Hoh, EE. RGBT UNEFIE LY
22 35A] CASEI A IR SERRIYE JRAim sh 7 n R AR A . FEE 3 IYER R, h-BN i)
T K7 ) R AR B R 24205 ir,  Zhi SR04 04 4 Bh il gk ) 45 50 BNNT &5
= BNNT/PMMA 4668, 2 BNNT (& &4 24 wi%hf, BNNT/PMMA 5 &%
T F0h 3.16 W/(m-K). B f5 , Li RO FH 2R 77 4 2 |2 A S5 /EP EA 1K
SFERAMHRFE (32.54 W/(mK)) . EIXEHFF, BT EEhHEs R E 1
TR, BA SRR L A RIEDRML ] 9856 1H A 77 R R AR R . S [E e, 78 57RO A
HF, TSR ECE SR, PR T EEMEFLERE, Tk NE A3 B 5 i
EH, REEAMEINGAEMRG R, XETEE R THl#4 h-BN 7ER G54 K7
[ [ (R AL o B TN AR, R S G ) A v ) B ) AN A T AR T 4%
(2102141 327 75 ¥ A 8 1 HEL 70 WL -3 T 6 78 PR TR P (Y KR T o T SRR 7 o] A 7 5 1
T 37 K R 2100, AT At SOV IS TR SRR SR G A Ak o B o R 3 AR SR R 1102143090 Sy A
5 FNER 7 0 7 T SR U SEORLZE AR, B B By b B R J s 8, (RIS AR ok
HURMREE [ 7 S HEAm 7 U e, 19 3R &R R s B RO R ARk, thah, ok
[¥7 BNNS 7E SiR J4A A my DLd it B 374 Bh % A8 = B 5 e (R B a), Bl (19 )58 38 5 it i i3
I SAL R, @R A e e 3, AT LS AR IEURLE R A R R i TR BT 1A
B, H, X PRI A i FE AR T A A 1) R T B EE N h-BN BEATRER AR B, X
S 2 BRI S8 J7 VR BRI AT SE M

A P 325 4 B e 0 v ) 4 B ) S AR — R X R 4 T B L AT S v R B
WA ik, X FRAEASRENEEMEEES EE, B TXAE, BATRAHmE
JEVI R BEE 8 900 By (HhE-U) -1 il h-BN 7RI B 7 ) s B HL ) 1)
h-BN/EP &M kL. BARERAE: Jofl B 4 B IEi% M 4 h-BN HUb, EF h-BN ¥
EHWNA T ey D) BUA, BT R8I 90°5E8l h-BN fEEE 7 (z J71D 1
HUm], #251E EP URVE )L, 345 h-BN E83E B A h-BN/EP E&5 4k BT
h-BN 7EHE B 7 [0 FEEUA, h-BN/EP A M RIRIE LT S 8ERE . 1XANT7 753
PEMIH A E . AR, 7R RS £ 11 % 72 A SRt 3 T A R U R A 1R
) FH AR

5.2 SKRuERSY

52.1 E#l

(1) h-BN, HF#: 10-30 um, ZifF: >99.5%, FF4&HBEREERA 7417,

(2) Wy A T EP, J#-5 Epon 828, VLI ZE#ik TAH RAF A7,

(3) HENEAKE ZHEREF (HMPA) , 4)#r4l, EP [k, Btk THIRA A
A=
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(4) 2, 4, 6-= (ZHEHIEHFE) FEWy (DMP-30) , Z0Hr4E, EP FE{LAIMEREF],
W [ 245 52 B 2R A PR A A

5.2.2 SLISHERAYHIR

5.2.2.1 h-BN/EP E & 1 H0H %

H5E, 4 85¢gh-BN 5 150 mL AFHRA, Seditf: 5 min /5 15 min, 343 h-BN
W CBES B . %5, # h-BN 1) S/ BORECSHhIE, RSB “h-BN EEE” , HH
JIAE “h-BN #EE” B mPIE], SRR KA 1 mm ) h-BN # v, 23 90°F 1%
JE AR L. A5, M EP #{k. HMPA (EP: HMPA=1: 0.85) 1 DMP-30
VAT P B A A IR RE, N2 e H & 47 h-BN b, BEITH.
e, AREEH h-BN/EP E4 RN B2 HEAE R B 2B 1 h, 100 °C FRE{L 2 h, 3
FI|[E 1L 58 40 h-BN/EP S48k, ] 2000 H FIRP4RFT BEH 4% () h-BN/EP & & 41K
RAF R HE 1 h-BN/EP A A0RL I8 V7T EP (1 PR BRI R A9 B2 T LA 2% 22 B h-BN
& B h-BN/EP B &4 8.

5.2.2.2 XTEEHERATHIE

N T UESEHE-U) R A R AR S, AT s SR SR 1) 5 3 £ h-BN/EP 2
Gk BARERES RN : 3.5 ¢ h-BN 2803 — @ 2 AR F, 53 h-BN FIRER 5
Bl B, Wiz el 4 ¢ 1 EP 5 HMPA IR G W (EP: HMPA=1: 0.85)
o, R T 3EEE 4 h, 755 h-BN. EP. HMPA 7B S KR SVETR . B S A1ZIR & 1A
W0 0.18 g () DMP-30, fii#t 30 7081 K AR HIREGEREINE R, TS5
12 h, EFFERAEMFERRK, &G 100 °C FELL 2 h, HFITLFEE K h-BN/EP
RSV LR

5.2.2.3 S eI
SHVERERTINR A VEER, 2.2.2.3 5,

5.2.3 FAE

SEM: Hitachi S-4800, HAi7, AL 5kV;

SEM: Quanta 400 FEG, FEI, £[H;

EDS: 5 SEM (Quanta 400 FEG, FED) BtH;

XRD: D8 Advance, Bruker AXS, f&E, WA/ 2: M4, Cu KaZk, KN
A=0.154178 nm, XK TAEHFE 40 mA, TAEHEIER 40 kV, FHEEZ 0.02°5,
e 2 10°-80°;

Raman: LabRam HR 800 UV NIR, A 532 nm;

TGA: TG 209 F1 #r#r%, #E NETZSCH A @, FHE#EZE AN 10 °C/ min, <4k
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SR, SRR 20 mL/s, IR XA = IE-800 °C;
DSC: 200 F3, & NETZSCH A &;
P ARE A ) 25 AR 2 ASTM D-6338;
T T3 BEAF BHAIEHL : Instron 3365, Instron Corporation, 3€ [E , 1 /H1# Ff 24 2 mm/min;
LFA: LFA 447, #[% NETZSCH ~#];
LLAMARARA: A325sc LMD HEL .

53 R 5178

5.3.1 h-BN BYFRIAE

i F} SEM FRAE h-BN IESAIR ~F (& 5-1a) , h-BN f& ARG, RIEGIE, B
JSFR 10-30 pme K/ANA—H) h-BN IBRGH R TEEMEH SR KRS h-BN
EE GRS HGER, /NRSTH h-BN ORI h-BNP2), EDS 2553
ERJRIGEH h-BN ¥ Kt B &AM N R ARk (B 5-1b) - b4k, Raman #1 XRD H T
FAEJRUGH h-BN #3K, 1367 cm™ 4bRBi 1) Raman V3R B IR 46 11 h-BN 3 2R it f 3547 C
5-1¢) o IXAERAZAR L h-BN FIHFE Raman %, J& T 540 Eo BEHRZENAT, JR 461 h-BN
R B SR BN TT AR G5 R, 7E 26.9°, 41.6°H1 54.9°4b LI XRD 75045 8 T
h-BN /] (002) (100> F1 (004) fhTH (& 5-1d) - M MDI Jade ¥ RS, iXik
J& T h-BN HIHRHE XRD fi75406, F¢H A VLR H e 44 A, UESERIE h-BN K K 4
FERL T . 4 Sm I h-BN AR T 038 5 A DR F M Re Al ) 21 e

()

Y T T T t T T
020 040 050 030 100 1AM 140 160 130

: Enerzy (keY)
(z)
(©) (d)
g (o
g
g i
£ g
]L_ “"E'U“U“E'!}wfﬂ (104) (111
1200 1300 1400 1500 1600 1700 1800 29 30 40 50 60 70 S0
Raman shift (cm_l) 2 Theta (ﬂ}

K 5-1 h-BN ke (a) SEM B (b) EDS JGE4MMT; () Raman Elilf; (d) XRD Kl
Figure 5-1 SEM image (a), EDS analysis (b), Raman spectrum (c) and XRD spectrum (d) of h-BN
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5.3.2 h-BN/EP E & # R HHI &

FE- V) IRl & T SE B h-BN 78 EP & A AR i 3 B BRI HES (B 5-2).
nfE 5-2a firzs, h-BN 20 BOHAE B0 4 BhamiE VR R R AR TTRE, TR BUKCPEUR B (x-p
D o EEHER AT (B 5-2b) , B h-BN “EAE” (B 5-2¢. cl) o FTIH MG
F 77 A )E] h-BN “BERE” (F 5-2¢2) BLFHQJ%KE’J h-BN # 5 #1%% 90° 5 14l 7E
PR G E (B 5-2d. 3. ¢4y c5. o JERIE I B A H B R SRS K ) (x-y
J1a) BUAN Y h-BN 2k B4 9005, T%J%ﬁiﬂﬁﬁﬁnnqﬂzfﬁ'ﬁﬁﬁﬁ (z 77D Bl
Hefio B, HMBN BP N3] h-BN ¥, SntEg Rt fE, 3743 h-BN £ EP
S I HAUHHES ) h-BN/EP BE 40K A 2000 H FIRPARHT B h-BN/EP B & 44K}
RN T . B 5-2e B7R T HARAN 2 ecm ) h-BN/EP &M RSB A . 5 LFR,
AR FH i 1 L VR B 7 V1) % h-BN/EP 2 & A4 BEFHAEXT LUAE o

(d)

BN Dispersion

(a)

ﬁ Epoxy Resin

(e)

K 5-2 h-BN/EP &4 R i it Fos i ]
Figure 5-2 Preparation of h-BN/EP composites

5.3.3 h-BN/EP E &M EIBIF IR S &/ 54

5.3.3.1 TGA 4%k

h-BN/EP E &M KB ) h-BN (I8 EiBid TGA MK 2. K 5-3 78 T h-BN. EP.
h-BN/EP £ &1 EHK TGA #l14: - X 26 il 2 v, FATTRT LU S22 R 46 () h-BN H £ 700 °C
WA KAV ERE. 1M h-BN/EP EE&#ENEIRE] 700 °C Z WA = Hr B i)k &,
F—AB B IR E R AAE 145-270 °C, EZE RS T RS WBEMEFE £ A BT
KERAEL 270-420 °C, FEB EP Mool K. &E — MBI EKAEE
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420-620 °C, VAT EP H R R ERAE T AR . 7E 620 °C UL b, JLFEAKAER
H, S TRMNRE, rARENS2E0 aER. Bk, 4RSS EHE
700 °C [FkAR K ERKIRAG h-BN & &, 1HHEZ R TR h-BN £ h-BN/EP Z-& 4 B 1)
A 31 vol%. 34 vol%-. 37 vol%-. 40 vol%Fl 44 vol%.

100-
— 80-
3
T 60-
[=F]
E —— BN powder
_‘g“ 401 __BN/EP (1#)
% |—BNEP(#
&% 201 — BN/EP (3#)
| — BN/EP (4#)
0] — BN/EP (5#)

100 200 300 400 500 600 700
Temperature (°C)

K 5-3 h-BN/EP E 5 FEH TGA 2k
Figure 5-3 TGA curves of h-BN/EP composites

5.3.3.2 SEM &tk
FAMEFH SEM >kRAE h-BN/EP &M EHI S5 R . NE -G AR SEM Kl A A a]
DLULEE R, il hiE-v) v IR IR S I E AR 1) h-BN 722 B 7 [ A PR AR 1
(FE 5-4b WIFTk7m)D 5 [FRERT h-BN/EP &AM KL Bt a] DL %2 211X i B
ity (B 5-40) o HZBMEET LR, EaEn RS 2 E &R ) h-BN 2
LFAAIR) (Bl 5-4a) , FERZHTHESMIER T, BEVEAE TR h-BN £
FEH A AT LG I h-BN 73 B 7 W) B lEE, AN S RaEg, AR T AR
ANJ7 R BRI tbAh, BT h-BN BAMR SRR AT E, h-BNEP EEMEEREE
77 ) B T 28 2 KRG TN
BATEBACER MR SEM B A St 7 h-BN [ EEUAE .. N T 246FRAE h-BN ek
A HIECE K, FATTIE T h-BN oK B0 . 90°4EE h-BN J2 3 ELAUA T 0°
RFE h-BN ZKFEA P, GitatrigREH > mE T EER (B 5-4d) . “P” &
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SN h-BN ek BT A fa T 450 & &, 45 5 s K4 78%M) h-BN ik F i 5 7 £
KT 45°, KB h-BN/EP £ & B R 70 1) h-BN #52 T B HU A 1

W S

‘ (e) —— BN/EP (made by our method)
BN microplateets (45 —— BN/EP (made by stirring method) (f)

% 3 Preparation method  Lyo0) /Looz) (%)
g i

% -E Stirring method 4.6

2 2

a = - Our method 35.6

E A AL
e/ . A
0 20 30 40 50 60 70 80

0~15 15~30 30~45 45~60 60~75 75~90
Azimuthal angle (degree) 2 Theta (0)

5-4 (a) i@ i A VR H 25 1) h-BN/EP & ST TR SEM &5 $hjg-U) F 32 875 % 1] h-BN/EP
SEMEHIWTE (b)) FMER (¢) SEM E; (d) HETHER h-BN fE M E J7K; (e) h-BN/EP
SAEMEH XRD #h2k; (f) h-BN/EP -4 KHA XRD fHZEH 1) (1000 5 (002) W55 LU

Figure 5-4 SEM images of h-BN/EP composites prepared by stirring method (a) and vacuum filtration-

slicing up-infiltration method (b, ¢). (d) Angle distribution of h-BN against the support. (¢) XRD analysis of
h-BN/EP composites. (f) The relative intensity of (100) to (002) peak of h-BN/EP composites

5.3.3.3 XRD &t

AV XRD 23 it —BAE 52 T h-BN/EP 2 A PRE A (R 3E0RH K B A 45 7 (] 5-4e),
26.9° b IATHHIEAER (002) FHTETT 41.6° 4L IATHT ISR (1000 T, (100D 5 (002)
FTSF I 3R R Y U ACSR h-BN 7E h-BN/EP & A PR B ] FE3472140 ) 36T 3, A1
15 B L@ S S E - B 1281545 21 h-BN/EP 526 MR EL A 55100 4.6%
5 35.6%, FWHEFHHGE-U) A 23515 10 h-BN/EP & A P08k (1320 B ) 250 R 5
I, XAEERS SEM M 45 12 — 801 .

534 S#MtEERAR

5-5a J&7~ T h-BN/EP &M R TR E h-BN S EKK K. fE%FE h-BN 58
M, h-BN/EP Z &M G R 2D KA . EAHFN h-BN S8 T, FHMmE-T R
SR 1) h-BN/EP & & AR VT R B B FE R A7 & I B A MR A G %
W LA b X EBR PN KRR h-BN £ U1 F 585 90° (585, #5%E h-BN/EP
HEMEEE T WRER . BT h-BN (517G KA, h-BN/EP 54k

97



AL Tl K5 285

£ h-BN HIE ) 5[] B AT LA RCE 2 1) #GE R, 645 h-BN/EP B &M RHEZ T A L /Y
HEAA IR R EE, Ak, i 5 A B IE A4S 2 10 h-BN/EP 254 RHI 454
&, J/N T h-BN/EP EEMEH AT, #5058 T h-BN/EP E & AR 8K
PERE. BURHEAR 5 5 HEAR I 25 A A 590 h-BN/EP R &KL G5

5.3.5 RiFE

FATTHEAL FH PR A 77241 4% () h-BN/EP &G A0RFEAT VE N FTARALL o Xof b iy A7 1
il &1 h-BN/EP & &M BHE TR FE R 2B ARG R, I H /MRS G e 5%
(B 5-5b) o A AAE R - 1) -1 ki 4 R i, R IR — AN I FAGASORIAH [ 0 #viis
FE (120°C) ', FHAE S TE3G 0, AF o 2R T R AR A AR bE T30 FH A5 a8 4 AL VRV %
IRE L BRI, 3R R A 8- 1) IR kil 5 R A BT [ IS e B sy,
SR, SRR SRR T R

(a) (b)

10
— —BN/EP by our method

1{— —BN/EP by stirring method

2 3% 4 44
BN contents (vol%)

&

135°C

=130

=2

120

110

100

=
1

~90

Thermal conductivity (W/mK)
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[
1

K 5-5 (a) h-BN/EP E &M BT EE h-BN &L R (b) h-BN/EP &M EHHEE E A

Figure 5-5 (a) Thermal conductivity variations of h-BN/EP composites with h-BN contents. (b) Thermal

images of h-BN/EP composites

SE5MEHIHRGEZRINZE (TCE) MitEKkEAR (5-1)
n(%) =510 (5-1)

FAV L
K —— EAMEHHGE/W/(m-K);
Km—— FEEM BTG R /W/(m-K).
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K 5-1 B4 7 ) h-BN/ R EWE EMELE TCE. N TR &M EHA 2 =
TR, —HHHEEESFER S &, 55— 7w ZE A AR /M. Okamoto 45
[O6U IR A 4 h-BN/PBT A MK, 4 h-BN I &N 70 vol%kf, TCE {HZ1HN
5138 %, fECARIEN h-BN/EEWMEEMEh R Emm. X O SRR FEER
KOANTE h-BN RIEWL T &R, %t h-BN 5 PBT FEARE A B M EMCR R . Xu
229V FH ek e A3 BB 77 #5145 h-BN, 1] %6 h-BN/EP &4 K, B m VS %415 10.3 W/(m-K).
{H2&, &1 h-BN T5ZEXF h-BN AT A& 0O AT AR, SPIREH. A B A, F#IKT h-BN/
REMEEMEH &R, b, BUEFES SR h-BN FIaR 5, AR T R%
HEMEIIAG R, HAEENZ, XS R T 1R ST N 7 R, 5 [ 1)
ISR B FHIE-V) 1R 78 43 FIH h-BN A B A 5 & VG %, i h-BN
FERG YRR TR G 1 L7 A LR HES, R SRR b R () 2 B S HuliE . S
BAWFEARE IR 238 78 B BLFEAR (1) h-BN BebA i TA) B, #5635, 4L 41 4% h-BN/EP
SEME. 24 h-BN &84 44 vol%f, h-BN/EP E &K TCE 45 4400%, #%iEc
SARIE W 2B R A PRHEKCE 7 RT3, 3R B8R 8- V) F =i 4% 11
h-BN/EP A M BHETE B 7 M B A H R Ef S5 ).

* 5-1 h-BN/REMR SR AT RS TCE |
Table 5-1 Thermal conductivity and TCE values of h-BN-filled composites

Ikl ERIN MEE/(W/mK)  TCE (%) RS & A4 FH 7712 ZH R
h-BN PMMA 2.6 767 12 wt% B [197]
h-BN PA6 2.5 948 40 wt% JE R & [296]
h-BN PS 1.1 1375 67 vol% JR AL R A [203]
h-BN/graphene  PI 2.1 1515 50 wt% WIRRE, WHEKR [230]
h-BN EP 3.6 1700 42.8 vol% R [310]
h-BN EP 6 2900 40 wt% WRIRE, AR [200]
h-BN/HBP EP 9.8 4057 50 vol% WRRE, WHEKR [194]
PMMA 10.2 3300 68 vol%
h-BN R [196]
PBT 11 5138 70 vol%
h-BN EP 10.3 5050 57 vol% SLRUIEERS [29]
h-BN EP 9 4400 44 vol% R EN

53.6 IFEMEEHAR

NT BB ER T - V) IR 1) h-BN/EP &M B 122 fRE, AT
Syt 4E EP. h-BN/EP E6 MK GitlE-U) =238 4) « h-BN/EP &4k (il
PEFEILIRE D Rt (B 5-6) , WIEAHFE & h-BN 5 838 44 vol%. 4[i EP
(R SR EE 2108 82 MPa, I 44 vol%[#] h-BN F| EP 34k, h-BN/EP & &+ RHKIFI
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HRAE B PG, FERPCAE S RN h-BN 559 KAERE, BN IE S, HE,
e RS BAAE B S MR D O R R AN S, T B SR S AR .
XiF EE R 2 4 1) h-BN/EP R A AR R, 308 25 MPa (HilgE-Vl Fr-I=3ti4
) 26 MPa CEIEHEFFILIRAE) , RUIHPE-V)Fr -RIiE S 4 10 h-BN/EP B 541
BEXT B AR B PR SR B A B R R . (HAE, shE-U) R -IRIIER S E SR AE
SRR E T AT (9 W(mK)) , FERFNE AR h-BN 755 B 7 [ 1
e B A HEAT 5 SR HERR I A58 o el TRl D) Fr R IR AR T L ORI R HAS
i B IR IRAC B, A A A 5 AT A R R AT RO

80 {—— Epoxy
—— BN/EP (made by our method)
1—— BN/EP (made by stirring od)
60 -
,C.Q\
=
=
~ 40
5
=
N
20-
0- v v v T v T
0 S 10 15 20
Strain (%)

Kl 5-6 EP 5 h-BN/EP & &4 K1 B 3-[N A8 il 2&

Figure 5-6 Strain-stress curves of EP and h-BN/EP composites

5.4 KRB/

ARERRH T — MG BAER R BRI GhiE-P IR kil
h-BN/EP & &# Kl. h-BN 7E h-BN/EP & & W KL 18 B 7 7] 1 FEH R HEAT, 24 h-BN & &
79 44 vol%If, h-BN/EP -G AR BT M AT R 2N 9 W/(m-K), 2 #1255 £ 1)
h-BN/EP E-& M BHWFF 2 A5 B L, AH LA Hr (g5 B AR b T FH Bl & B &
MRHEA B s o LA G B 2 B AT 8-V v -2 ) 4% 1) 52 A AR S A
ROREGE . BT HE-U) IR R R R R i JRRIE RS, AR AT
KINRL ) 25 AT K

100



6 & SR 5 EIH

Eo6E FitS5HR

6.1 Z5ip

KIRLLFR T h-BN KHEAMEIHS 1L, Haid T h-BN HAS G4k
P i SR BTt R . T A P HEFIR h-BN/ARGME EM kL, DLSEIUREE 7
Al = AF R EEM B TS . FRATEGE T h-BNEREWE MBI H & 5%, I
Fl%58 h-BN/REWE A MRITESL. G50, SHIERE. Ji5MeRE . Vs BN FH RS SE T
BT — RV TAE. HEELBIFR:

(1) A 78 h-BN 5 R G HEARK FIA S, 98/ h-BN 5 R G YAk 1) 5
TAARE, MG I h-BN/REWE AWM B AT S, FoA 1M BB E LI h-BN 1
— LR PDA B/, ERREEIFET, £ ERAEM KA+ B R A K PDA BT
h-BN #[fl, SRR, h-BN fEEREE BT T K BRI 5, 5215 23 55 (1) h-BN@PDA.
FIE 1) h-BN [WZHET 20 Z, PDA MEEELN 3 wt%.

() A TREERFEL CNC AR, FRAIE 2023 4 B 2 1) £ 1 25 1)
h-BN@PDA/CNC & &Mk, @ Hnek b, mrdl# AR h-BN & &1 # &
h-BN@PDA/CNC E&# 8, FIEH h-BN@PDA 1EE &M R R KFEUA HEAR, 186 1K)
h-BN 5 CNC [l TABIEHASAER. 2 h-BN EEN 94 wt%hf, FEMH
h-BN@PDA/CNC H &M E M #H T H K42 40 WmK). 3 — 5K BN
h-BN@PDA/CNC & & #18HN T LED 4T #E, B 7 H O s g .

(3) ATHFBEATEMTM h-BN/TPU B4, RATELEKE h-BN 5 TPU 1)
DMF IR A 7 80, Bl S 1E BRI, e S R A #3453 h-BN/TPU &
A . h-BN 7£ TPU & & B & &R (0-95 wt%) , H7E TPU B & i
HEAR 339595 8. 24 h-BN HI& 5 80 wit%it, h-BN/TPU 8 & 5 50 A 5 i 2k
1 h-BN &5 8N 95 wit%I, h-BN/TPU & A R H N 3 HI1AF] 50.3 W/(m'K) (264

YR Tal TPU B, EERRNAUE 512 h-BN B A HEAR PL A h-BN 5 TPU 44 a] () 5%

FUER, MR BITHAMAFEN 6.9 W/(m-K). #—24 h-BN/TPU & & B S HT- LED
JTHUY, 24 h-BN &84 95 wt%I, h-BN/TPU & & (f) B2 245 15 B2 A b 13 F 46 TPU
BEREAR T 40 °C, XFh L EAE SYEREE R AR T A MR PR D 1 4 .

(D) R TIREAFHS h-BNREWE G SHNE, RATBA B IR S A
JE AL BRI AR 45 H P HES] h-BN/SEBS & &1, h-BN £ SEBS J: 4 A 2 BL/KF B [l HEA
HH2) 8. 24 h-BN K& E AN 95 wt%f, h-BN/SEBS HE &IH NG E N 45
W/(m'K), HREHEIMGEERN 44 Wi(mK)o FoAVEFH 20750 J1 S BA000E 52 K HES
h-BN/SEBS & & AN R ZRME FHRME . SR FRIMRER, RAEH
h-BN/SEBS & & ALK 77 5 2 57 [ KRS BE 7 AN 40 wt%e5 60 wt%e. [
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h-BN 248011, h-BN/SEBS & &) CTE {HIFK, # RN, Wizl /75 Wi m
PR/ o 24 h-BN &8N 95 wt%f, h-BN/SEBS & & AR B — & IR H5RE (2.6
MPa) . ¥ h-BN &4 95 wt%[{] h-BN/SEBS E & EHLR T CPU B, FaSimfE
FH LT F 4 SEBS A T 4 °C.

(5) FET-#F A RLXT 3 B 1) m A SR TR SR, A T HhIE- T Rk
#% h-BN/EP &4 Kl, h-BN 7£ EP Jefkrh 288 B H T . X NTERI R @R
ANTFEXT h-BN BT R PR HIAG FR B E (22181 . 24 h-BN & &4 44 vol%Hf, h-BN/EP
HSEMEHERE T ARG ERL )y 9 W/(mK), HETIEFRS T h-BN/EP 584 RHT
WFE (3.5 W/(mK) BT HGLLE, FERIUHE IO R S RE . A HhE-1)
Jr -2 A 25 1 h-BN/EP 5 A AR Fi7 i 5 B 5 A B 2 52

6.2 BIHET=

AV SC LS IR R 07 LB A SR I h-BNYR S E S M BN B B, BlSE h-BN
EREWEAET R R E . 28 BUnHm AT, FERREZA P57 -BN R G E
EAE SN, LA

(1) FITF R IFR A A BRIV ESE 8 h-BN [0 — D33 510840, 5303020
h-BN@PDA, h-BN FIRIE R 5 PDA HAE MR E . A 4R E TR T
HEM@R, FRCNRA SRR N E SRR T B Z1ER.

(2) RIWEABREE N FE 5 HUE AL FE ] % h-BN {5 = 5HAG AT #1) h-BN/TPU £ &
f. 24 h-BN {884 95 wt%Hf, h-BN/TPU & & # 5 %iA 50.3 W/(m-K). 24 h-BN
(112 & 80 wt%lhf, h-BN/TPU & & AR ILH AR 7 09 . XANHR T DAHE B He
TYHEHBHHER AT SRR, NI E AT R A MR R T BB RS
XFATIEA FHEAE SRS, RS h-BN/R SR A MR S AW L4 T8
s

(3) BIAFH T3 1R R A P 1S h-BN/SEBS & & I FHAALEE, ESE
SHEBRERAERXMESGERTRIE M. #2H h-BN/SEBS & & BEAE/KFJ7 5
T3 T PB TR BIAE 2 5 N 40 wt%5 60 wt%, A 4EE AR R AW E &R R T
FLETF S 180 Bk .

(4) FIFFRIFRH T #iE-U) 7 12 321 4% T B 5 7 = #4452 1 h-BN/EP 55
ML XFOTEET DA B e AR IE R R AV E SRR, A& E T 75 %
TR ST A BT RE T B4R
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